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While the engineering and architec- 
tural disciplines have always prized 
the elegant solution, there 
are times when brute 
strength is imperative. 

Introducing the Apple 
Macintosh Quadra'700 and 
Quadra 900 computers. 
Awesomely powerful. 


So m uch power in so little 
space. The Quadra 900 
is just 18.6 " high and fits 

desk. The Quadra 700 fits Ferociously fast. But each IS 
comfortably on top of it. S [[\\ ver y much a Macintosh. 

Up to twice as swift as any of their forebears, 
they’re the first Macintosh computers to be 
built around the Motorola 68040, rated at 20 
MIPS and running at 25 MHz. A highly inte- 
grated design, the 040 combines the processor, 
math coprocessor, memory controller, and 
cache memory all onto one chip. 

More important than merely technical mea- 
surements, the Macintosh Quadra computers 
are totally harmonized systems. The hardware 
architecture, operating system, interface, periph- 
erals, and networking were all designed from 
the start to optimize the 040’s power and work 
together smoothly as a single integrated system. 

Anyone using compute-intensive applica- 
tions — like 3-D modeling and stress analysis — 
will immediately appreciate the difference. 

Popular software packages like Infini-D, 
MicroStation Mac, and 
Virtus WalkThrough per- 
form more nimbly and 

Big just got bigger. The new 
Macintosh 21 " Color Display gives 
you more drawing board to work 
on. Colors are livid, focus is crisp, * 
brightness and contrast are high. 




Macintosh 
Qi tddnt 900 
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'24 bit video support for up to 16” monitors; X bit video support for up to 21” monitors. " There are two «sy urns to do it. Simply add an afiplicaiinn called SoftPC. or one of tun cards from Orange Micro, the Mac2X6 or Orangery ©1991 Apple Comfmter. Inc. Apfde. the 
Virtus Corf) Camera I image urn created m Infmi l). Inf ini l ) is a trademark afSfxxular International Ltd OrbiUr image was created with MicroStation Mac: MicroStation is a registered tmlemark of Bentley Systems Inc., an Inlergrafih affiliate. ORACLE is a registered 
Instruments Udus and 123 are registered trademarks of Lotus Detelopment Corporation. SoftPC is a registereii trademark of Insignia Solutions Inc WordPerfect is a registered trademark of WordPerfect (hrj> By the way. this ad urn designed, lyfxset. and otberuxse 






responsively than they ever did before. 

And because you do more than design and 
engineering, these computers also run thou- 
sands of Macintosh productivity programs like 
Lotus 1-2-3 and WordPerfect. Accounting pro- 
grams like Great Plains. Database programs 
like ORACLE and FoxBASE+/Mac. And presen- 
tation programs like PowerPoint. 


In addition, RAM is expandable up to 20MB. 

The Quadra 900 is a standing tower of im- 
mense capacity with five NuBus expansion slots, 
SuperDrive, plus three additional half-height 
expansion bays for CD-ROM drives, magneto- 
optical disk drives, tape backups, or hard disk 
storage of over 1 gigabyte. RAM can be added up 
to 64MB. It also features a key lock, not only 



Because it's a Macintosh ; extremely sophisticated programs for interior spatial emulation. 

3-D modeling, and CAD/CAM are easy' to use. Because it's a Macintosh Quadra, they' ve got the muscle to run nimbly 
and quickly Pictured in action. Virtus Walkthrough and htfini-D. 


Both Mac' Quadra models offer a generous 
array of expansion slots. Which you may never 
need since so much is already on board. 

That includes sound input and output 
ports. And high-performance 24-bit color video 
controllers built onto the logic boards which will 
run any Apple and many third-party monitors.* 
Saving both a slot and the cost of a video card. 
And both come with Ethernet. So you can move 
large CAD files around the office at warp speed. 

The Macintosh Quadra 700 is the same com- 
pact size as the popular Macintosh Ilci. 

It also comes with a SuperDrive" disk drive, 
two NuBus"slots, and a hard drive of up to 400MB. 


for security, but to protect against interruption 
of your long, compute-intensive jobs. 

Despite their unprecedented abilities, the 
Quadra computers are as easy to set up and use 
as every Macintosh and are capable of running 
not only thousands of Macintosh applications, 
but MS-DOS** programs as well. 

For the name of your nearest authorized 
Apple reseller, call 800-538-9696, extension 320. 

They’ll be pleased to demonstrate a 
power that has vaulted once again to m 
new heights. The power to be your best . ^ 


Introducing Macintosh Quadra. 


Apple logo. Mac Macintosh, and The power tn bewurbestare regBteml tank-marks and Macintosh Quadra and Super Drue are trademarks of Apple Computer, Inc French Door screen was created with Mrtus VsilkTbrvtqb, l trtus WaHTbrougb is a trademark of 
tank-mark of Oracle Corporation FoxBASE WMac » a registered trademark of Fox Softuare. Inc Greta Hams b a registereil tauk-mark of Gnat Plains Softuare. Inc MS DOS and PotterfSmtl are registered taulenurks of Microsoft Coij>. NuBus is a trademark of Saw 
created quickly and affordably using Macintosh personal computers 









Kodak full frame imagers deliver. 

Resolution up to 4.2 megapixels, defect 
free if required. Ultra-low dark current of 
only lOpA/cm 2 . Anti-blooming protection 
and up to 20 MHz per channel operation. 
Even a 1.4 million pixel full frame imager in 
a two-thirds-inch format! 

We also have a variety of other 
chips including video, infrared, 
and linear image sensors such as 
our 8,000 pixel tricolor array. 

Whether your application is 
electronic still, scanning, or 
thermal imaging, remember 
Kodak. Our name can make a 
world of difference in your 
product's performance. 

For more information, call 

extension 120. 


The first name in imaging is the first 
name in high performance solid state 
imagers, as well. 


KODAK 


Creating new dimensions in imaging 
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© Eastman Kodak Company, 1991 
KODAK is a trademark. 

Earth photo courtesy of NASA. 
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You Can Develop Ada Code Without Adamat. 
Of Course, You Can Skydive Without this, Too. 



The fact is, when you write 
Ada code without using AdaMAT'* 
you’re really putting the quality of 
your code at great risk.To be frank, 
you’re actually inviting poorly written, 
unclear and inconsistent code that guarantees 
errors during development. 

AdaMAT is quite simply, the most 
valuable and crucial software engineering tool 
that is available today to Ada program devel- 
opers. It is the only tool for the prevention of 
errors during development. AdaMAT analyzes 
Ada code and evaluates it using key quality 
characteristics that are based on the most effec- 
tive use of the language. 

With the use of AdaMAT, potential 
errors are detected prior to testing. It lets 
programmers insure the quality of their code 


earlier in development when errors 
are much less time-consuming 
and cosdy to fix. So avoid the pitfalls. 
Get your project in on time and right 
on budget. Write clean, consistent, accurate, reliable 
Ada code. And do it whether you’re developing 
in the Rational, VAX, SUN, or SGO/UNIX environ- 
ments. Call us today at 1-800-522-7321 for com- 
plete information. We'd jump at the chance to tell 
you all about the immediate benefits you’ll receive 
using AdaMAT for your 
Ada development. 
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AdaMAT 




AdaMAT. The code word for quality Ada. 


Dynamics Research Corporation, 60 Frontage Road, Andover, MA 01810 
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HTBasic 


Is the Perfect Fit 


TransEra’s HTBasic combines the effortless program- 
ming of HP-style BASIC with advanced application devel- 
opment system features such as scientific instrument 
control, data analysis, and graphic presentation. 


can make developing your application much less puzzling. 


Powerful facilities for data acquisition and 
IEEE-488. 2/ RS-232 instrument control, 
COMPLEX arithmetic, CSUB capabili- 
ties, matrix mathematics, and com- 
plete HP-style graphics make HTBasic 
the answer for all levels of users. 


TransEra’s 32-bit Compiler for HTBasic rou 
tines gives access to significant performance 
increases in high-speed math calculations. And a full 
library of pre-compiled subroutines for FFT’s, curve- 
fitting, waveform analysis, and digital filtering/ windowing 



With HTBasic, your PC becomes a scientific workstation 
that is compatible with the HP9000 Series 200/300. 
In fact, the transfer utility included with HTBasic 
lets you port your current HP Basic programs 
to the PC and run them with little or no mod- 
ification while adding all of the function- 
ality of industry standard PC 
hardware and software. You can share 
data with spreadsheet and database pro- 
grams, use standard graphics displays, output 
devices, even networks. 


For Speed, Power, Flexibility, and Functionality, 
HTBasic for the PC is the perfect fit. 


Call or write today. 


Engineering Excellence for 15 Years™ 


See us at the 
HP BASIC Conference 
Long Beach. California 
March 18-20. 1992 
Call: 1 -800- 188-7560 



3707 N. Canyon Road, Provo, UT 84604 • (801) 224-6550, FAX (801) 224-0355 
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WEVEGOT 
THE SELECTION 
THE FEATURES 
THE PERFORMANCE 
THE DRIVERS 
AND NOW 
THE SOFTWARE 

We built the first, and we offer the most extensive line of 
DAT data recorders on the market. Choose from 2-16 channel 
models with the features and flexibility that make it easy for 
you to find a TEAC to fit your specific requirements. Their 
light weight, minimal footprint and optional 3-way power 
supply gives you complete portability. And when it 
comes to performance, data recording on DAT is 
unsurpassed for economy and quality of signal. 

And now, to make it easy to set up a computer auto- 
mated system, drivers for LabWindows* and other TEAC 
software packages are available. 

So now the decision is simple. TEAC, the 
only place you need to go for the world's most 
complete line of DAT data recorders with the 
drivers and software to match. 
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TEAC 

Information Products Division. 
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‘LabWmdo* ' 15 a registered trademark of National Instruments Carp 
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Graphic courtesy Ames Research Center 

A research team at NASA s Ames Center is developing 
methods to simulate viscous, incompressible flows. In the 
computer recreation above , a finite-difference scheme was 
used to trace flow through the hot-gas manifold of the space 
shuttle main engine. Turn to the tech brief on page 74, 
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On The Cover: NASA's leading 
scientists and engineers will 
present an array of inventions 
available for license at the Tech- 
nology 2001 conference (see 
NASA’s Innovators, page 10). 
They will be joined by technolo- 
gists from ten other government 
agencies, their contractors, and 
other high-tech firms showcas- 
ing new technologies in such 
areas as computing and manu- 
facturing. The co ver graphic, pro- 
duced by Technology 2001 ex- 
hibitor Stardent Computer Inc., 
shows slice planes and particle 
representations of a curvilinear 
data set used in complex fluid 
dynamics problems. 


New on the 
Market 93 

New 

Literature 95 

Advertisers 
Index 99 

Langley Research Center has 
created a general-purpose nu- 
merical-optimization software 
program for design engineers 
(page 57). 

Graphic courtesy Langley Research Center 
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Do you wish you could find a backup system 
with enough capacity, speed, and sophistica- 
tion to backup unattended? 

Could you recreate a document from 
scratch in the time it takes you to restore it? 

FAST BACKUP FAST RESTORE. 

Introducing the CY-8500, the 8mm tape 
drive that gives you up to 
25 GB on a single tape. 

And with transfer rates 
of up to 90 MB per min- 
ute, backup takes less 
time, frees resources,and 
makes frequent backup 
simple and convenient. 

And that’s not all. 

The CY-8500 offers fast 
file search capability' So 
you get the advantages 
of high capacity and 


True “Plug-And-Play” 
Compatibility With: 


Alliant 

DEC Unibus 

PC 386/ix 

Alpha Micro 

Gould 

PC MS-DOS 

Altos 

HP 

PC 

Apollo 

IBM AS/400 

Xenix/Unix 

Arix 

IBM Mainframe 

Pertec 

AT&T 

IBM RISC/6000 

Plexus 

Basic-4 

IBM RT 

Prime 

Concurrent 

IBM S/38 

Pyramid 

Convergent 

Macintosh 

Sequent 

DataGeneral 

McDonnell 

Silicon 

DEC 3100 

Douglas 

Graphics 

DEC Bl-Bus 

NCR 

Sun 

DEC HSC 

Novell 

Unisys 

DECQ-Bus 

OS/2 

Wang 

DEC TU/TA81 

PS/2 

and more 


fast transfer rates plus the ability to locate and 
restore your files quickly - about 75 times 
faster than normal speed. 

CONFIGURATION FLEXIBILITY. 

The state-of-the-art liquid crystal display 
gives you complete drive status information. 
Command under execution, transfer rate, 
tape remaining, and ECC 
are presented in a clear 
easy-to-read format. By 
offering such features as 
data compression - for 
five times the storage 
capacity per tape - and 
data encryption - giving 
you data access control - 
the CY-8500 adapts to 
your company’s growing 
needs. We 11 adapt to 
your site requirements 


too, with rack mounting options and cable 
lengths of up to 80 feet 

PROVEN 1KHN010GY. 

Best of all, the CY-8500 offers peace of mind. 
8mm helical scan technology designed for 
data recording, gives you demonstrated 
performance and reliability. Not an adapta- 
tion of an audio recording format 
The CY-8500 is pan of a complete family of 
tape backup products that range in capacity 
from the 150 MB !4* cartridge streamer to the 
2 TB cartridge handling system. All backed 
up by our in-house technical support group 
and 12-month warranty. For more informa- 
tion on how f you can enjoy the best value in 
tape backup, call today at 804/873-0900. 

CONTEMPORARY 

CYBERNETICS 
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Real Time 
Video 
On 

Workstations 



The RGB /View System 
for Mission Critical 
Applications 


The RGB/ View™ displays live TV or other 
full motion video on workstations and high 
resolution displays. The RGB /View accepts 
video signals (NTSC or PAL) from a camera, 
tape recorder, videodisc or built-in TV tuner. 
FUR input is also available. True color video is 
displayed full screen or as a scaleable window. 

• Real time video under all conditions 

• No impact on graphics performance 

• Image capture 

• Text and graphics overlays on video 

• Scale, reposition, freeze 

• X-Windows compatible 

• Cable ready tuner 

• Priced from $7500.00 

Applications include C 3 I, robotics, 
interactive videodisc training, 

video teleconferencing, process control, 
surveillance and simulation. 

Standalone peripheral and board level 
models available. 


SEE 

SPECTRUM 

2550 Ninth Street Berkeley, CA 94710 
TEL: (510) 848-0180 FAX: (510) 848-0971 
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lerate contours, surfaces, and cross- 
tions from random X, Y, Z points. 


Choose from 26 graph types for 
business, technical, & scientific data. 


Xlvlzl 


Launch of the Space Shuttle Discovery 


E=mc 2 


Automate customized graph creation 
with pre-recorded macro & batch files. 


Integrate 2-D and 3-D data on a single 
graph to add meaning and impact. 


JEW push-button “mouse-menus” 
illow easy access to frequently used 
eatures. 


Presentation graphics and analysis for scientific users. 


Your technical data requires more muscle 
and sophistication than basic business 
graphics and plotting packages can 
provide. It’s simply a matter of using the 
right tool for the job. In addition to 
publication-quality graphics, you need 
powerful analysis tools and capabilities 
such as Graftool’s ■ Intelligent Data 
Cursor ™ to read out data points on curves 
& surfaces ■ Linear & non-linear curve- 
fitting ■ Unlimited zoom & rotation 

■ Multiple axes in linear, log, or proba- 
bility scales ■ Advanced data handling, 
allowing over 268,000,000 data points 

■ Powerful scientific spreadsheet which 
can directly read your Lotus or ASCII files 


■ Unrestricted placement of graphs & text 

■ Direct compatibility with Microsoft Word 
& WordPerfect. 

With Graftool, all this power and 
flexibility purr quietly under the hood, 
while pop-up menus and push-buttons 
bring an ease of use previously unheard 
of in scientific software. Just “point & 
process” with increased productivity and 
greater understanding. 

GRAFTOOL - the right tool for your 
technical solutions. 

GRAFTOOL $495. 

■ Interactive demo available 

■ Academic discounts. 



VISIONS 


Call Toll Free for Details 

1 - 800 - 729-4723 

2780 Skypark Drive, Torrance. CA 90505 
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NASA's 


NASA’s Top Inuentors Gather At 

Technology 2001, the second national technology 
transfer conference and exposition (December 3-5, San Jose 
Convention Center), will feature presentations by nearly 100 of 
NASA’s leading researchers, detailing a broad array of space- 
based inventions with down-to-Earth applications in such fields as 
agriculture, manufacturing, and medicine. Here’s a look at some of 
these innovators and their cutting-edge work. 




Spotting A Plant’s SOS Signal 

A dying plant signals its distress, but 
by the time anyone notices it is too late. 

This scenario occurs in forests and 
on farms around the world because the 
human eye cannot detect an unhealthy 
plant’s warning signs. A new optical 
filter developed by Leonard Haslim. a 
scientist at the Ames Research Center, 
enhances these signs, alerting scien- 
tists and farmers before conditions 
become irreversible. 


The device, called the Passive Chlo- 
rophyll Detector (PCD), uses a dyed 
optical filter plastic sheetto discriminate 
the reflectance spectra of chlorophyll- 
bearing vegetation and trees. The filter 
conveys the effects of plant stress, 
caused by such factors as insufficient 
water or minerals, by exaggerating the 
visual effects of incipient chlorosis. 
Observing vegetation through PCD 
goggles makes yellowed plants appear 
more yellow and healthy, green plants 
seem more green for a striking contrast. 

“Now untrained ob- 
servers can easily see 
what formerly only a 
farmer with 30 or 40 
years experience could 
detect,” said Haslim. 

The low-cost PCD 
filters can be tailored 
for various types of 
foliage and used by 
farmers to determine 
when to nurse or re- 
plant unhealthy fields, 
thereby increasing 
crop yields. The PCD 


would allow environmental scientists to 
monitor the health of forests and wet- 
lands exposed to acid rain or contami- 
nated groundwater. Large areas could 
be evaluated rapidly by flying over and 
filming them using a camera with a 
PCD film over the lens. Such cameras 
could even be used on routine inspec- 
tion flights in remote-piloted aircraft to 
provide real-time imaging. 


Viewing foliage through 
the unassisted human 
eye (top) fails to reveal 
areas of plant stress that 
are highlighted (in red) 
looking through the 
Passive Chlorophyll 
Detector. 

Photo courtesy of Ames 
Research Center 


The Climbing Robot 

“I'm only 70, and I think I’m just 
coming into my own with this one,” said 
design engineer James Kerley. dis- 
cussing the latest of his roughly 50 
inventions, a climbing robot. Kerley and 
two other Goddard Space Flight Center 
engineers have developed a robot that 
crawls like a segmented worm, travel- 
ing up and down, back and forth, and 
upside down, bending around corners, 
and even climbing stairs. The key to its 
agility and what sets it apart from other 
robots, according to Kerley, is its low 
center of gravity. 

The robot’s pneumatic, hydraulic, or 
electric actuators are strung together 
by cable to form a train, allowing it 
maximum flexibility. Its feet can be 
grippers, magnets, wheels, or suction 
cups. The modules can wield various 
paint brushes and rollers, sand blast- 
ers, air blast cleaners, radio communi- 
cators, brush cleaners, and a range of 
sensors and cameras. 

The dexterous machine can be used 
to inspect antennas, cranes, towers, 
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charides with useful rheological prop- 
erties that can be used to thicken liq- 
uids, for example, or reduce drag. 

Continued research seeks to further 
enhance the rheological properties, and 
thereby utility, of the bacterially “farmed" 
polysaccharides. Long-term goals in- 
clude genetic and chemical manipula- 
tion of polysaccharides based on their 
piezoelectric and pyroelectric proper- 


launch sites, buildings, drill rigs, ship 
tanks, bridge girders, hazardous waste 
containers, and boilers. While inspect- 
ing the structures, it could sandblast or 
scrape and paint them. In high-radia- 
tion environments, the robot could read 
gauges, make repairs, and adjust le- 
vers and switches; underwater, it could 
scrape barnacles off and open up fro- 
zen sea cocks. 

The “caterpillar robot” incorporates 
off-the-shelf electronics and inexpen- 
sive cable. Its parts require no machin- 
ing and can be stamped for mass pro- 
duction. “I think this will really catch on,” 
said Kerley. “It’s the right machine at 
the right time.” 


Microfarming at JPL 

In a process much like farming, but 
on a remarkably smaller scale, re- 
searchers at Jet Propulsion Labora- 
tory have succeeded in harnessing 
bacteria to produce various polysac- 
charides, complex carbohydrates 
that are used in materials coatings, 
chemical/pharmaceutical delivery 
systems, and as additives in food, 
paper, paint, and plastic prod- 
ucts. “We hope to focus attention 
on the ability of living systems to 
make high-fidelity complex mol- 
ecules,” said Roger Kern, of 
JPL’s Space Biological Sci- 
ences Group. 

Kern has developed a 
unique genetic technique, 
based on bacteria-bacteri- 
ophage interactions, for the 
selection of bacterial mu- 
tants of the genus Kleb- 
siella, which produce high 
yields of structurally-al- 
tered polysaccharides. 

The mutants produce by 
fermentation polysac- 


High above the trees, 
where a human would 
find no safe footing, 
the cable robot 
steadily bends and 
climbs as it inspects 
a structure. 
Photo courtesy of Goddard 
Space Flight Center 
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ties for application in electronic and 
optical devices. 


Pilot’s Pathfinder 

The Global Positioning System 
(GPS), expected to be fully deployed 
by 1 995, will gradually replace all other 
navigation systems. Marshall Scott, a 
systems engineer at Kennedy Space 
Center, has created a pilot’s display 


that uses GPS satellite data to calcu- 
late aircraft position, providing direct 
feedback in real time. “Eventually, 
something like this display will be in 
every commercial aircraft," he said. 

The display was developed for flight 
inspection tests used to certify the Mi- 
crowave Scanning Beam Landing Sys- 
tem at space shuttle landing facilities 
and has improved the tests’ efficiency. 
Using data from four GPS satellites, 
pilots can precisely follow the flight 
paths prescribed by test engineers, 
even through haze and cloud cover. 

The display features a pair of “fly-to" 



A new GPS-supported pilot s display fea- 
tures two perpendicular “fly-to” needles 
that provide direct feedback on aircraft 
position. By flying so that the needles 
intersect at the center of the display , the 
pilot keeps the plane precisely on course. 

Photo courtesy of Kennedy Space Center 
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Flow Charting" 3 

Now, you can create , u pdate and grint 
presentation-perfect flowcharts to your 
specifications-innotime! 

Quick to master and a snap to use. 
Patton & Patton's flowcharting software is the 
standard of both large and small businesses 
around the world - and is available through 
all major software dealers. 

See your dealer today! Or, for a 
"live'/ interactive demo disk, call: 

800-525-0082, ext . 2812 . 



POTION & PATTON 

Software Corporation 


International: 408-778-6557, ext. 281 2 . Excellence in charting the flow of ideas! 


Works on IBM & 100% compatible PC’s, supports CGA/E6A/VGA and over 150 dot matrix and laser printers. 

with multiple print densities and 10 font sizes Creates multi-page charts, portrait or landscape, on 

most standard paper sizes. Mouse or keyboard controlled. 

IBM if a registered trademark of International Business Machines Corporation. 
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alignment needles. The distance of each 
needle from the center of the display 
represents the plane’s deviation from 
the desired flight path. The pilot can 
correct the aircraft’s course by flying so 
that the needles move toward the 
display’s center. Position updates are 
received once per second and the infor- 
mation is logged to a file for later analy- 
sis. The system also compensates for 
sources of error in GPS data such as 
ionospheric and tropospheric delays. 

It runs in the X Windows environ- 
ment and uses the Motif graphical user 
interface. Potential applications include 
land surveys, particularly those that 
require a specific path be flown repeat- 
edly. The system recently was adapted 
to aid inspection flights for Tactical Air 
Navigation ground stations. 

New Life For A Time-T ested Metal 

TAZ-8A, a high-performance metal 
developed for aerospace applications 
in the 1960s, recently has attracted a 
resurgence of interest. Created at the 
Lewis Research Center, this nickel- 
based “superalloy” boasts a unique 
combination of properties that makes it 
ideal for high-temperature industrial 
processes, according to William Wa- 
ters, a Lewis engineer and one of the 
material’s original developers. Contain- 
ing tantalum and columbium, it offers 
high-temperature strength, oxidation 
and abrasion resistance, and excep- 
tional thermal shock resistance. 

The alloy could improve the perfor- 
mance and dramatically extend the 
service life of industrial elements ex- 
posed to extreme heat, harsh abrasion, 
and thermal cycling. It is, however, ex- 
pensive and so tough it is resistant to 
many machining techniques. These 
drawbacks do not diminish its potential 
for wide application, said Waters, but do 
suggest a need for careful evaluation. 
Lewis researchers will produce proto- 
types so that businesses can test TAZ- 
8A for specific tasks. 

Cost and fabrication difficulties may 


TAZ-8A, an alloy de- 
veloped in the 1960s 
and used for the heat- 
resistant nose cone 
of the X-15 rocket- 
powered research 
plane (shown here 
mounted under a 
B-52 wing), is 
finding new 
industrial 
applications. 

Photo courtesy of 
Lewis Research Center 
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All existing infrared imaging systems 
just joined yesterday’s technology. 


Introducing Thermovision “900: 
a high definition thermal mea- 
surement and analysis system, 
designed to meet the highly 
specialized and constantly evolv- 
ing needs of the advanced 
research community well into the 
21st Century . 



Superior image resolution. Absolute 
measurement accuracy. Unlimited process- 
ing capability. Finally there’s an infrared 
thermal measurement and analysis system 
that provides all three - and it's integrated 
into an easy to operate 
desktop total workstation. 

To begin with, the 
advanced optical design of 
the Thermovision % 900’s 
new, multifaceted scanning 
module is nearly three 
times more efficient than 
conventional scanning 
systems and more than 
twice as efficient as a focal 
plane array. So the 900 ’s 
long and short wave 
scanners capture the details of a thermal 
event with incredible resolution and 
accuracy. 

The thermal image data is digitized at 
12 bits, prior to transmission, ensuring that 
the full, 4,096 level dynamic signal range is 
downloaded for processing and storage by 
the Thermovision control unit. 

Today's PC's couldn't handle the 900 
scanners' high data rates, so we’ve designed 
a powerful, dedicated system controller 
whose two, parallel channels allow 
simultaneous, real time presentation and 
analysis of two images from either one 
single scanner or two separate scanners on 


the same display, or direct comparison of 
current and stored image data. 

VME bus architecture, OS-9 operating 
system and the X- Windows graphic user 
interface combine to provide a multi-tasking 
1R workstation, with all 
scanner operations, 
including focus, aperture 
and filter selection, 
controlled from the 
mouse or keyboard. 
Built-in Ethernet allows 
two-way communication 
and control from a 
remote computer. 

Best of all, the 900 
is designed with your 
future in mind. State of 
the art now, it has the built-in modularity to 
stay that way, even as your requirements 
change and expand. 

If the Thermovision 900 sounds like a 
system you'd like to see more of, just 
contact AGEMA Infrared Systems, 550 
County Avenue, Secaucus, NJ 07094. 

Tel 201-867-5390 Fax 201-867-2191. 

And get a jump on the 21st Century 
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be reduced by employing TAZ-8A as a 
coating on a low-cost substrate. NASA 
has developed various plasma spray 
and modified plasma vapor deposition 
(PVD) techniques suited for applying 
the TAZ-8A coating. The PVD process 
provides a coating with high reflectivity, 
extreme hardness, and abrasion resis- 
tance. Tests have shown that coating 
steel rolls increases thermal shock re- 
sistance in temperature-cyclic applica- 
tions by 300-400 percent. 

From Egypt to Orbit, 

Dynamic Imager Aids Research 

“Anything that can be expressed in 
an image is grist for the mill,” said 
Douglas Rickman, a geologist at the 
Stennis Space Center, referring to the 
myriad applications of ELAS, a power- 
ful image processing software pack- 
age. Originally created at Stennis to 
process images from the Landsat Mul- 
tispectral Scanner, ELAS has found 
broad use in the fields of forestry, agri- 
culture, geology, archaeology, ocean- 
ography, medicine, ecology, sonar im- 
agery, and microclimatology. It has 
processed data from satellite and air- 
craft; images of Egyptian tomb paint- 
ings; fish scales and turtle flippers; MRI 


images of the human heart; soil maps; 
gravity potential fields; and submarine 
sonar images. 

ELAS offers a modular approach to 
raster processing, assigning tasks to 
roughly 250 application modules that 
can be ordered and applied in a variety 
of ways. The modules are loaded inde- 
pendently and swapped in and out of 
memory to minimize the system’s 
memory requirements. The software is 
command-line driven rather than menu- 
oriented, and each module allows the 
user to set values on processing pa- 
rameters. This high degree of user 
control is ideal for applications requir- 
ing flexibility, according to David 
Walters, an electronics engineer at 
Stennis and ELAS programmer. 

The modules fall into many general 
categories of functions, including refor- 
matting for data import and export, 
interactive data display, statistical analy- 
sis, pixel classification using definitions 
from statistical analyses, geometric op- 
erations, modeling, polygon manipula- 
tions, and filtering for noise removal. 
Recent enhancements to the package 
include a multi-byte capability, enabling 
it to store and process up to 32-bit or 
64-bit floating point digital data. 



The image processor ELAS operates on 
four images concurrently: three scanned 
images-a gray scale, a color look-up, and 
an RGB color composite-are manipulated 
using the color table and scaling functions 
on their respective look-up table windows, 
while below, a color composite of CAMS 
data is processed. 

Photo courtesy of Stennis Space Center 

Clear Advantages to Fuzzy Logic 

Already hot technology in Japan, 
fuzzy logic is just beginning to find 
widespread domestic use. Fuzzy logic 
is a mathematical means of handling 
concepts that are “fuzzy" by nature. 
These include conditions such as “slow" 
and “fast" that don’t have precise defi- 
nitions. It enables mathematicians and 
engineers to apply human-like thinking 
in decision-making processes that re- 
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WORKMANSHIP STANDARDS 


New and updated Workmanship 
Standards reference manuals are 
now available from Martin Marietta. 
These reference manuals will help 
solve your accept/reject controversies 
in Electrical & Mechanical, Micro- 
electronics, Surface Mount Technology, 
and Electrostatic Discharge areas. 

Full color photographs and concise 
descriptions will remove the doubt 
so your employees can concentrate 
on quality productivity. 

workmanship 

■ Individual Pages ■ Customized Material 

■ Posters ■ Slide Sets ^ 'mMM ailUdl SS 

Order your Workmanship Standards from the recognized leader. p O. Box 590385, M.P. 1510 

For more information, contact our Workmanship Standards Orlando, Florida 32859-0385 

coordinator at (407) 356-4769. Fax: (407) 356-6288 Telex: 564414 
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Sandia 

National 

Laboratories 


Lawrence Livermore 
National Laboratory 


Los Alamos 


Los Alamos National Laboratory 


Let our technology 
be your best defense. 


Ready. After five decades of building America’s nuclear 
defenses, Los Alamos National Laboratory, Lawrence 
Livermore National Laboratory, and Sandia National Labora- 
tories are now open to transfer advanced technologies to U.S. 
industry. Operated for the Defense Programs division of the 
U.S. Department of Energy, these laboratories have recently 
been given a new mission: technology transfer. Now you can 
make our technology your best defense. 

Capable. The Defense Programs complex is a powerhouse of 
unique facilities and people. Our 65,(X)0 person workforce is 
made up of more than 6,000 scientists and 1 1,000 engineers. 
The complex spans three major research-and-development 
laboratories, as well as a number of production facilities, test 


sites, and smaller laboratories located in 12 states. This 
complex is unique in that it advances technology from basic 
research to product application. Capabilities range from 
advanced materials to biotechnology and from microelectron- 
ics to precision manufacturing. 

Available. The goal of the Defense Programs technology 
transfer initiative is to make the resources and capabilities of 
the complex available to U.S. industry. Together, we can keep 
the American economy strong. 


Defense Programs 

U.S. Department of Energy 
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quire manipulation of imprecise infor- 
mation. Incorporating fuzzy logic into 
control systems gives them a sort of 
“common sense,” reducing human in- 
volvement in industrial processes and 
resolving complex control problems 
where precise modeling is impossible. 

American industries have been slow 
to apply this logic because they fear 
that anything “fuzzy” must be unreli- 
able, according to Dr. Robert Lea, an 
engineer with the Johnson Space Cen- 
ter, where fuzzy logic is used in expert 
control systems. "The Japanese had 
the same problem with their native 
word, so they started using the Ameri- 
can term instead,” he explained. Japan 
has successfully applied it to subway 
and automatic transmission control, 
camera autofocusing, air conditioning, 
and numerous other systems. 

Johnson researchers have employed 
fuzzy logic in guidance control systems 
for spacecraft, learning systems using 
neural networks, control of data pro- 
cessing during rendezvous navigation, 
collision avoidance, and camera track- 
ing. Current research focuses on its use 
in diagnostic systems, control of robotic 
arms, and image processing. 

Fuzzy logic, Lea said, is an espe- 
cially good candidate for control when- 
ever decisions are made based on 
sensor feedback, which is inherently 
inaccurate. Fuzzy control systems are 
usually robust and stable, and are often 
much faster and cheaper to develop 
than conventional systems. 

“Fuzzy control has already proven 
itself a useful technology,” said Lea. “If 
only more Americans would understand 
that fuzzy logic has nothing to do with 
sloppy thinking.” 


quired to know how to cut deeply enough 
but not too deeply, to avoid nerve and 
organ damage, must be learned. A new 
device developed by engineers at the 
Langley Research Center may expe- 
dite surgical training by providing the 
first direct measure and record of the 
forces applied during surgery. 

A prototype surgical force detection 
probe has been produced by Ping Tcheng . 
Paul Robert, and Charles Scott of NASA 
Langley, and Richard Press from Eastern 
Virginia Medical School. The probe is an 
adaptation of another instrument devel- 
oped at Langley, a multi-component, strain- 
gaged aerodynamic balance that precisely 
measures the forces and moments im- 
posed on aircraft during wind tunnel tests. 

The designers fit the balance into a 
pen-shaped instrument one-half inch in 
diameter and seven inches long that 
can accurately measure surgical force 
without impeding the surgeon’s work. 
Able to withstand sterilization, the probe 
accepts various interchangeable tips. 
It will be connected to a PC-based data 
system providing signal conditioning, 
data acquisition and graphics display. 
Detailed records will enable surgeons 
to monitor training sessions and actual 
operations as well as to perform post- 
test analyses, benefiting both experi- 
enced and inexperienced surgeons and, 
most importantly, patients. 

The probe’s utility extends beyond 
the operating room. A razor manufac- 
turer recently contacted Langley re- 
garding application of the probe in sur- 
gical blade testing, said Tcheng. Fur- 
ther, the tip could be replaced by a pen 
to convert the probe into a writing tool 
that would assess soberness by moni- 
toring the steadiness of handwriting. 


Computer-Aided Surgery 

The surgeon lifts a scalpel, prepar- 
ing to make an incision. How hard must 
the blade be pressed, how much will 
the human tissue resist? The skill re- 


Space Spinoff: An X-Ray 
Inspection Tool For Industry 

Just as x-rays can scan the human 
body to aid doctors in the diagnosis of 
disease, they can penetrate a wide 



An image taken by 
ACTIS, a versatile CT 
inspection device , 
shows a detailed 
cross-section of a 
nuclear waste drum. 
Clearly visible in the 
interior are an air res- 
piration filter a reso- 
lution standard, and a 
pair of tweezers. 

Photo courtesy of Marshall 
Space Flight Center 


range of inanimate objects to help sci- 
entists and engineers pinpoint struc- 
tural defects. This technology, called 
computed tomography (CT), is gaining 
acceptance by industry as a tool for 
nondestructive inspection. 

The Advanced Computed T omography 
Inspection System (ACTIS), a highly flex- 
ible CT device developed at the Marshall 
Space Flight Center to support solid pro- 
pulsion tests, demonstrates the value of 
CT for industrial inspection applications. It 
can evaluate components ranging in di- 
ameter from four inches to four feet and 
materials ranging from steel to rubber. 
ACTIS has provided results superior to 
conventional techniques in contrast sensi- 
tivity, spatial resolution, and visualization, 
according to Lisa Hediger, a materials 
engineer at NASA Marshall. 

“This system is an excellent choice 
any time the major concern is the ho- 
mogeneity of the materials, especially 
nonmetallics,”said Hediger. Generated 
in digital format, the ACTIS data can be 
stored, recalled, and digitally enhanced 
for analysis. ACTIS provides image- 
processing tools such as multi-planar 
reconstruction to aid researchers in 
locating structural defects. It offers 
contrast adjustment, statistical image 
analysis, zoom magnification, and is 
capable of full 3D reconstructions. Fur- 
ther, it generates relative density plots 
along a line through the image and can 
assess wall thicknesses in a casting’s 
internal geometries. 

ACTIS can help diagnose design 
problems early in the product develop- 
ment cycle, saving time and expense, 
according to Hediger. The system iden- 
tified anomalies in the space shuttle 
main engine turbopumps at an early 
development phase, prompting 
changes in the casting process. It has 
been used by the US Department of 
Energy to inspect sealed barrels of 
nuclear waste and by automotive manu- 
facturers to inspect prototype steering 
wheels, engine blocks, and gear boxes. 
Studies indicate that it could grade 
lumber and assist in optimizing cutting 
plans for the lumber industry. 

More small businesses should con- 
sider taking advantage of ACTIS and 
other CT systems, Hediger said. The 
expense of CT, she explained, can be 
reduced by purchasing smaller, cus- 
tomized systems, leasing an industrial 
system, or buying time at a medical 
radiology laboratory. □ 

For more information about the tech- 
nologies described in this article, con- 
tact the Technology Utilization Officer 
at the center sponsoring the research 
(see page 20). 
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Take a Look at LabWindows*2.0 


LabWindows 2.0 brings a new look to 
data acquisition and instrument control 
The new look is graphical— a graphical 
user interface for your acquisition and 
control system. 

Create a Graphical User Interface 


Program with C or BASIC 

When you develop a system with 
LabWindows 2.0, you have the benefit 
of using standard programming 
languages with development tools 
designed specifically for data acquisition 
and instrument control. 


RS-232 instruments. You can develop a 
system with LabWindows to meet all of 
your measurement and control needs. 

Take a look at the new LabWindows 2.0. 
You’ll like what you see. 


With LabWindows 2.0, you can easily 
create custom graphics panels to 
interface with your DOS-based system. 
Using the graphical editor and standard 
development tools, you can develop a 
system that combines data acquisition, 
data analysis, and data presentation. 


Use any Acquisition Hardware 

LabWindows 2.0 has libraries of 
functions to control data acquisition 
hardware ranging from plug-in boards 
to industry-standard GPIB, VXI, and 
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The Software is the Instrument ® 
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See us at ATE and Instrumentation, booth 108 
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New Product Ideas 


New Product Ideas are just 
a few of the many innovations 
described in this issue of 
NASA Tech Briefs and having 
promising commercial applica- 
tions. Each is discussed further 
on the referenced page in the 


appropriate section in this 
issue. If you are interested in 
developing a product from 
these or other NASA innova- 
tions, you can receive further 
technical information by 
requesting the TSP referenced 


at the end of the full-length article 
or by writing the Technology 
Utilization Office of the sponsoring 
NASA center (see page 20). 

NASA's patent-licensing program 
to encourage commercial develop- 
ment is described on page 20. 


Direct-Link Prehensor 

A mechanical prehensor replicates the 
movements of an operator’s hand and 
fingers just a few centimeters from the 
hand. Equipped with a protective shroud, 


the prehensor permits the operator to ma- 
nipulate nearby hazardous materials or 
objects in hostile environment. 

(See page 78) 


Instrument Measures 
Ocular Counterrolling 

A compact, battery-powered, noninvasive 
instrument measures ocular counterrota- 
tion. Developed for studies of space mo- 
tion sickness, the instrument can be adapt- 
ed to use on Earth to evaluate patients who 
may have impaired otolith functions. 
(See page 91) 

Smaller Coaxial- 
View Welding Torch 

A new torch for gas/tungsten arc weld- 
ing has only two-thirds the length and width 
of its predecessor. Because of its size, the 
new torch can be used in small, previous- 
ly inaccessible spaces. 

(See page 82) 

Lock for Valve Stem 

A simple, inexpensive device locks a 
valve stem so that a valve cannot be turned 
by unauthorized people. The device is in- 
tended for use on double-union polyvinyl 
chloride ball valves. 

(See page 63) 

lonizable-Substance 

Detector 

This detector can monitor continuous- 
ly ionizable substance in a stream of fluid 
without disrupting the flow or the chemical 
composition. Hydrogen, sodium, fluorine, 
chlorine, oxygen, and bromine are among 
the substances that can be monitored. 
(See page 38) 

Multiaperture Spectrometer 

A proposed spectrometer containing a 
single grating would provide high spectral 
resolution over a broad spectrum. The in- 
strument would use the available light more 
efficiently and display various orders of the 
spectrum parallel to each other. 

(See page 38) 

Lightweight Valve 
Closes Duct Quickly 

An expanding balloon serves as a light- 
weight emergency valve to close a wide 
duct. This type of valve is much lighter than 
conventional butterfly, hot-gas, or poppet 
valve. 

(See page 64) 
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The principle behind 
the Hydra Series. 


No matter what input you’re measur- 
ing, you always have the right tool 
with Hydra. 

Think of Hydra as an entire test bench in 
a box. Its unique Universal Input Module 
lets you directly connect up to 20 different 
inputs to measure temperature, DC volts, 
AC volts (true rms), resistance, and fre- 
quency. In any combination. All without 
having to change 
hardware or use 
any external signal 
conditioners. 

With Hydra, set up 
and reconfiguration 
are a snap. Simply 
wire all input types 
directly into the 



removable Universal Input-Module and plug 
it into Hydra. Then, just touch a button on 
the unit’s front panel or on your PC to start 
testing. Scanned readings are automatically 
time-stamped to aid in your analysis. 

Why waste time, effort, and money 
on an army of instruments when Hydra 
does it all? For a very economical price. 

For a free demo disk or more informa- 
tion, give us a call today at 
1-800-44-FLUKE We look 
forward to your input. 

John Fluke Mtg. Co., Inc P.0 Box 9090. 
Everett. WA 98206 
U.S.: (206) 356-5400 
Canada: (416) 890 7600 
Other countries: (206) 356 5500. 

© 1991 John Fluke Mfg Co.. Inc. 

An rights reserved Ad No 00121 
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One space vehicle that got there without us. 





y It wasn't that long ago when the only space vehicles around were ones that landed on planets with 
names like Mongo. Then along came Garrett Fluid Systems Division. 

Our involvement in fluid control systems, space valves, dynamic space power and specialized actuators 
spans the history of the space program itself. From Atlas. Titan, Saturn and Mercury to Space Station Freedom. 

As the world leader in fluid systems technology, we're generating the solutions to the challenges of 
new generations of launch vehicles, space platforms and NASP-type applications. Our expertise includes 
a wide variety of systems. Thrust vector control, exhaust nozzle extension control, stability augmentation, 
fluid control, space power, propulsion management, separation and recovery. Plus complete facilities for 
testing and analysis. 

As long as there are systems to be controlled, nozzles to be directed, rockets to be stabilized and 
power to be generated, contact us at Garrett Fluid Systems Division, 1300 West Warner Road. Tempe, 
AZ 85284. (6021 893-4420. 
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HOW YOU CAN BENEFIT 
FROM NASA's 
TECHNOLOGY 
UTILIZATION 
SERVICES 


If you’re a regular reader of TECH BRIEFS, then you're already making use of 
one of the low-and no-cost services provided by NASA s Technology Utilization 
(TU) Network. But a TECH BRIEFS subscnption represents only a fraction of 
the technical information and applications/engineenng services offered by the 
TU Network as a whole. In fact, when all of the components of NASA’s 
Technology Utilization Network are considered. TECH BRIEFS represents the 
proverbial tip of the iceberg 

We've outlined below NASA’s TU Network — named the participants, de- 
scribed their services, and listed the individuals you can contact for more 
information relating to your specific needs We encourage you to make use of 
the information, access, and applications services offered by NASA’s Technol- 
ogy Utilization Network 


How You Can Utilize NASA’s Industrial Applications Centers — A nationwide network offering a broad 
range of technical services, including computerized access to over 100 million documents worldwide. 

V ou can contact NASA’s network of Industrial Applications Centers (lACs) for assistance in solving a specific technical problem or meeting your 
* information needs. The “user friendly" lACs are staffed by technology transfer experts who provide computerized information retrieval from one of 
the world’s largest banks of technical data. Nearly 500 computerized data bases, ranging from NASA’s own data base to Chemical Abstracts and INSPEC, 
are accessible through the ten lACs located throughout the nation. The lACs also offer technical consultation services and/or linkage with other experts 
in the field. You can obtain more information about these services by calling or writing the nearest I AC. User fees are charged for I AC information services. 


Aerospace Research 
Center (ARAC) 

Indianapolis Center for Advanced 
Research 

61 1 N. Capitol Avenue 
Indianapolis. IN 46204 
Dr. F Timothy Jams, Director 
(317)262-5036 

Central Industrial Applications 
Center/NASA (CIAC) 

Rural Enterprises. Inc. 

Post Office Box 1335 

Durant. OK 74702 

Dr. Dickie Deel, Director 

(405) 924-5094 

(800) 658-2823 (toll-free U S.) 

NASA Industrial Applications 

Center (MCNC) 

Post Office Box 12889 


Research Triangle Park. 

NC 27709-2889 
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If you represent a public sector organization with a particular need, you can contact NASA's Application Team for technology matching and problem solving 
assistance Staffed by professional engineers from a variety of disciplines, the Application T earn works with public sector organizations to identify and solve 
critical problems with existing NASA technology. Technology Application Team, Research Triangle Institute, P.O. Box 12194, Research Triangle 
Park, NC 27709; Dr. Doris Rouse, Director, (919) 541-6980 


How You Can Access Technology Transfer Services At NASA Field Centers: 

Technology Utilization Officers & Patent Counsels — Each NASA Field Center has a Technology Utiliza- 
tion Officer (TUO) and a Patent Counsel to facilitate technology transfer between NASA and the private sector. 

If you need further information about new technologies presented in NASA Tech Briefs, request the Technical Support Package (TSP). If a TSP is not 
available, you can contact the Technology Utilization Officer at the NASA Field Center that sponsored the research. He can arrange for assistance in 
applying the technology by putting you in touch with the people who developed it. If you want information about the patent status of a technology or are 
interested in licensing a NASA invention, contact the Patent Counsel at the NASA Field Center that sponsored the research. Refer to the NASA 
reference number at the end of the Tech Brief. 
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Cleveland, OH 44135 
(216) 433-2225 
Patent Counsel: 

Gene E Shook 
Mail Code LE-LAW 
21000 Brookpark Road 
Cleveland. OH 44135 
(216) 433-5753 


John C. Stennis 
Space Center 

Technology Utilization 
Officer. Robert 
Barlow 
Code HA-30 
Stennis Space Center, 
MS 39529 
(601)688-2042 
John F. Kennedy 
Space Center 
Technology Utilization 
Officer: Thomas M 
Hammond 

Mail Stop PT-PMO A 
Kennedy Space 
Center. FL 32899 
(407) 867-3017 
Patent Counsel 
Bill Sheehan 
Mail Code PT-PAT 
Kennedy Space 
Center. FL 32899 
(407) 867-2544 


Langley Research Ctr. 

Technology Utilization 
Officer: Joseph J. 

Mathis. Jr. 

Head. TU & AO Office 
Mail Stop 200 
10 West Taylor Road. 
Hampton. VA 23665-5225 
(804) 864-2484 
Patent Counsel: 

Dr George F Helfrich 
Mail Stop 143 
9 A Ames Road. 

Hampton. VA 23665-5225 
(804) 864-3221 
Goddard Space Flight 
Center 

Technology Utilization 

Officer Donald S. 

Friedman 

Mail Code 702.1 

Greenbelt. MD 20771 

(301)286-6242 


Patent Counsel: 

R. Dennis Marchant 
Mail Code 204 
Greenbelt. MD 20771 
(301)286-7351 
Jet Propulsion Lab. 
NASA Resident Office 
Technology Utilization 
Officer: Arif Husain 
Mail Stop 180-801 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-4862 
Patent Counsel: 
Thomas H. Jones 
Mail Code 180-801 
4800 Oak Grove Drive 
Pasadena. CA 91109 
(818) 354-5179 
Technology Utilization 
Mgr for JPL: Dr Nor- 
man L. Chalfin 


Mail Stop 156-211 
4800 Oak Grove Drive 
Pasadena. CA 91 109 
(818) 354-2240 
George C. Marshall 
Space Flight Center 
Technology Utilization 
Officer: Ismail Akbay 
Code AT01 
Marshall Space Flight 
Center, 

AL 35812 
(205) 544-2223 
Fax (205) 544-3151 
Patent Counsel: 

Robert L. Broad. Jr. 
Mail Code CC01 
Marshall Space Flight 
Center. 

AL 35812 
(205) 544-0021 


Lyndon B. Johnson 
Space Center 

Technology Utilization 
Officer: Dean C. Glenn 
Mail Code IC-4 
Houston. TX 77058 
(713)483-3809 
Patent Counsel: 
Edward K. Fein 
Mail Code AL3 
Houston, TX 77058 
(713) 483-4871 
NASA Headquarters 
Technology Utilization 
Officer. Leonard A Ault 
Code CU 

Washington, DC 20546 
(703) 557-5598 
Assistant General 
Counsel for Patent 
Matters: Robert F. 
Kempf. Code GP 
Washington, DC 20546 
(202) 453-2424 


A Shortcut To Software: COSMIC^ For software developed with 
NASA funding, contact COSMIC, NASA’s Computer Software Manage- 
ment and Information Center. New and updated programs are an- 
nounced in the Computer Programs section. COSMIC publishes an 
annual software catalog. For more information call or write: COSMIC', 
382 East Broad Street. Athens, GA 30602 John A Gibson, Director, 
(404) 542-3265; FAX (404) 542-4807. 


If You Have a Question. .NASA Center For AeroSpace Infor- 
mation can answer questions about NASA’s Technology Utilization 
Network and its services and documents. The CASI staff supplies 
documents and provides referrals. Call, write or use the feedback card 
in this issue to contact: NASA Center For AeroSpace Information, 
Technology Utilization Office, P.O Box 8757, Baltimore, MD 21240- 
0757. Walter M. Heiland, Manager, (301) 859-5300, Ext. 245. 
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Mathematica 2 .0 : 
the standard for 
technical computing 


"The importance of the program cannot be overlooked ... it so 
fundamentally alters the mechanics of mathematics." 

New York Times 

"Mathematica has the potential to change the world of science at 
least as much as word processing has changed the world of writing." 

InfoWorld 

“Mathematica is a startlingly good tool." 

Nature 


Macworld 1991 World Class Software Award Survey 



Mathematica has also received best software/new product 
awards from: 

Macworld, 1990-91 MacUser, 1989 

Discover, 1990 Business Week, 1988 

BYTE, 1989 InfoWorld, 1988 


Available for PC, Macintosh, Unix, and VMS 
systems, Mathematica 2.0 brings a range of new 
capabilities to Mathematica, the proven leader in 
technical computing software. Interactively han- 
dling numerical, graphical, and symbolic computa- 
tion at all levels, Mathematica 2.0 adds 50 percent 
more functions. These include sound generation, 
differential equations, external program communi- 
cation, as well as enhancements to Mathematica' s 
built-in high-level programming language. 

Mathematica has rapidly become the standard 
for technical computing, with more than a dozen 
textbooks, a quarterly journal, and several newslet- 
ters devoted to the system. Mathematica is in use at 
all of the 50 largest U.S. universities, all of the 
technical Fortune 50 companies, and most of the 
world's larger engineering firms. In fact, more than 
100,000 technical professionals and students 
around the world are working with Mathematica 
every day. 

To find out what Mathematica can do for you, call 
Wolfram Research at 1-800 -441-MATH. 

Mathematica 2.0 

A System for Doing Mathematics by Computer 





Mathematica is currently available for: 

MS-DOS 386, Microsoft Windows, Macintosh, CONVEX, 

DG AViiON, DEC VAX (ULTRIX and VMS), DEC RISC, HP 9000, 
Apollo, IBM RISC System/6000, MIPS, NeXT, Silicon Graphics, 
Sony, Sun-3, and SPARC. 

Prices in U.S and Canada start at $595. Educational discounts are available. 

Circle Reader Action No. 475 

Wolfram Research. Inc.. 100 Trade Center Drive. Champaign. IL 61820-7237. USA 
217-398-0700: fax: 217-398-0747; email: info@wri.com 

Wolfram Research (UK) Ltd., P 0 Box 114. Abingdon. Oxon 0X13 6TG, United Kingdom 
+44 (235) 550 440; fax: +44 (235) 550 445; email: info- uk@wri com 

C 1991 Wolfram Research. Inc Mathematica s a registered trademark of Wolfrem Research. Inc 
Mathematica is not associated with Mathematica Inc . Mathematica Policy Research. Inc . or MathTech. Inc 
All other product names mentioned are trademarks of their producers Photo George Rehrey 
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Si/lrSi 3 Schottky-Barrier Infrared Detectors 

lr and Si are codeposited in stoichiometric ratio to suppress mixed Ir/Si phases. 
NASA’s Jet Propulsion Laboratory, Pasadena, California 


Silicon/iridium silicide Schottky-barrier 
detectors that have cutoff wavelengths 
from about 9 to about 14 /xm have been 
fabricated with the help of an improved 
Ir/Si-codeposition process. This is part of 
a continuing effort to develop imaging ar- 
rays of Schottky-barrier detectors that op- 
erate at far-infrared wavelengths. Imaging 
arrays of 512x512 silicon/iridium silicide 
Schottky-barrier detectors with a cutoff 
wavelength of 7.3 /xm had been fabricated 
previously, but these and other devices 
made of silicon/iridium silicide had ex- 
hibited poor and unreproducible diode 
characteristics, and their quantum efficien- 
cies have been lower than those of sili- 
con/platinum silicide Schottky-barrier de- 
tectors. (Silicon/platinum silicide detectors 
exhibit a cutoff wavelength of 5.6 /xm, and 
the technology of these devices is relative- 
ly mature.) 

Previously, silicon/metal silicide Schottky- 
barrier devices were fabricated by deposit- 
ing metals on silicon substrates, then an- 
nealing to form the silicides by chemical 
reactions between the metals and the sili- 
con. In the case of silicon/iridium silicide, 
the poor quality of the resulting devices 
has been attributed partly to contamina- 
tion — primarily oxygen — at the sili- 
con/silicide interfaces. In addition, iridium 
tends to react with the oxygen at the in- 
terfaces to form iridium oxide, which im- 
pedes diffusion across the interfaces, 
thereby impeding the formation of iridium 
silicide. The products of the reactions are 
mixtures of the IrSi, lrSi 175 , and lrSi 3 
phases. Either IrSi or lrSi 3 (not both) is 
preferred. Undesirably, the presence of the 
three phases in varying amounts causes 
variations in the heights of the Schottky 
barriers (with corresponding variations in 
cutoff wavelengths), and lrSi 175 con- 
tributes to high series resistances. 

Both Si/IrSi and Si/lrSi 3 detectors (see 
Figure 1) have been fabricated by the im- 
proved process. In this process, the silicon 
substrate is oriented for deposition on the 
(100) surface, and prior to deposition, the 
surface is cleaned. In a vacuum chamber, 
lr and Si are codeposited by molecular- 
beam epitaxy in the stoichiometric ratio 
of 1:1 or 1:3 from two electron-gun 



Figure 1. The Si/IrSI or Si/lrSi 3 Schottky-Barrier Detector is fabricated by the stoichi- 
ometric codeposition of lr and Si on the p Si substrate. It includes a p + substrate 
contact, the silicide electrode, and an n Si guard ring, which suppresses leakage 
around the periphery of the silicide electrode. 




Figure 2. The Heights of Schottky Barriers as functions of reverse bias were 
determined by activation-energy analysis. 
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PRINCIPLES OF QUALITY MEASUREMENT: SECOND IN A SERIES. 

SIMULTANEOUS MULTIPLE MEASUREMENTS. 



At Nicolet, we see things the 
same way. Our oscilloscopes, multi- 
channel systems, probes and 
accessories are designed for scientists 
and engineers with no tolerance 
for error. 

Our specifications are valid for 
your world, not a hypothetical ‘‘best 
case”- and they don’t change as you 
add channels. The Nicolet user 
interface gives you such close and 
responsive control over your 
measurement that it’s 
virtually transparent. n 

When you need ff 

to see afill the data in a 
single critical event, 

Nicolet. 


It will last an instant and happen 
exactly once. The more data you can 
extract from that single event, the 
more confident you can be. Two 
channels or twenty - when it’s your 
project, they’re all critical. 

You can’t sacrifice accuracy, 
no matter what the channel count. 

You won’t accept less than total 
synchronization between channels. 
And you haven’t got the time to 
wrestle with racks of scopes or one-off 
configurations that turn measurements 
into a mess. 

You need results you can trust 
from a system that sets up in minutes, 
not months. A massively parallel 
architecture that won’t load down as 
the channel count goes up. And most 
of all, a system designed to let you 
collect data on your own terms. 


I iiiitii 


The new Nicolet MultiPro delivers 
multichannel results with oscilloscope 
ease of use and absolute data 
integrity. 'There’s a configuration right 
for your Critical measurements - circle 
the reader service number or call 
"-^088 right nbw. 

't, we build instruments 
urement experts like you. 


look up 


At Nice 
jfor met 


\ Of 1 DISCOVERY 

ta. irement Instruments 
jX'ijconsin. USA 53711-4495 
53 L FAX- 608/273-5061 
C : 11: 800-387-3385 
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sources. The thickness of the deposit is 
about 50 A . The substrate is heated to a 
temperature between 200 and 500 °C or 
between 680 and 800 °C for the deposi- 
tion of IrSi or lrSi 3 , respectively. The IrSi 
or lrSi 3 is then patterned by ion milling. 
Aluminum contacts are then deposited on 
the silicide and substrate. 

Experimental devices fabricated by this 
process have been characterized by 
current-vs.-voltage measurements and 
activation-energy analysis. In addition, the 
cutoff wavelength of an Si/lrSi 3 detector 


was determined independently by measur- 
ing its photoresponse. For Si/lrSi 3 , the 
measured heights of the Schottky barriers 
ranged from 0.138 eV to 0.089 eV as the 
reverse bias voltage ranged from -1 to 
-10 V; this represents a range of cutoff 
wavelengths from 9 to 14 m. Similar results 
were obtained for Si/IrSi (see Figure 2). 

This work was done by True-Lon Lin of 
Caltech for NASA’s Jet Propulsion Lab- 
oratory. For further information, Circle 122 
on the TSP Request Card. 

In accordance with Public Law 96-517, 


the contractor has elected to retain title 
to this invention. Inquiries concerning 
rights for its commercial use should be ad- 
dressed to 
Edward Ansell 

Director of Patents and Licensing 
Mail Stop 305-6 

California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 
Refer to NP0-18027 and NPO-17946, 
volume and number of this NASA Tech 
Briefs issue, and the page number. 


Characterization of Electrical Response of Photodetector 

Fourier analysis of input and output yields electrical frequency response. 


Goddard Space Flight Center, Greenbelt, Maryland 


Fourier analysis is the basis of a method 
of characterizing the electrical frequency 
or time response of a photodetector. In this 
method, the detector is stimulated by an 
optical input signal, the intensity of which 
is modulated with a square wave or other 
repetitive waveform of known frequency 
spectrum, and the output of the detector 
is recorded. The electro-optical transfer 
function, which characterizes the frequen- 
cy response of the detector, is then com- 
puted as the ratio between the discrete 
Fourier transforms of the output and input 
waveforms (see figure). 

The real and imaginary components of 
the discrete Fourier transform S(k) at the 
k th point in frequency space are given by 

SWreal = cos fF) 

i =0 
A/-1 

Senary = *2>') * in ) 
i =0 

where N is the number of samples, k can 
be any integer from 0 through A/— 1, and 
X(i) is the instantaneous amplitude of the 
signal in question at the time of the /th 
sample. The sampling period, T s , must be 
an integral submultiple of the period of 
the waveform, and the reciprocal of the 
sampling period must be at least twice the 


highest frequency present in the waveform. 
The frequency resolution, A f, becomes 
finer as the number of samples increases: 

Af = 1 /NT S 

The method has been applied success- 
fully to Golay-cell and bolometer detectors 
and is applicable to any detector system, 
the ac component of the electrical re- 
sponse of which is linear. The principal ad- 
vantage of this method is speed; because 
the input waveform contains many fre- 
quencies spanning the entire spectral 
range of interest, one set of measurements 
serves to characterize the response of the 
detector at all of these frequencies. On the 
other hand, in the traditional method, the 
frequency response of a detector is meas- 
ured by exciting it with a sinusoidally mod- 
ulated signal, one frequency at a time, and 
measuring the output with a lock-in am- 
plifier or spectrum analyzer. This is a time- 
consuming and tedious process in which 
accuracy depends on stability in both the 
output of the modulated source and the 
sensitivity of the detector. Changes in either 
the source or the detector (e.g., tempera- 
ture dependence of the sensitivity of a 
bolometer) during a series of measure- 
ments can render the calibration invalid. 

In one instance of the method, a Golay 
cell was illuminated by an infrared light- 
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The Electrical Fre- 
quency Response of a 
Photodetector can be 

determined quickly from 
a single measurement 
by use of the discrete 
Fourier transform to 
analyze the input and 
output waveforms. 


Computer 

Running 

Discrete-Fourier- 

Transtorm 

Algorithm 


Output Data: Electrical 
Frequency Response 
of Photodetector 


emitting diode powered by square wave 
with a period of 2.048 s. A digital oscil- 
loscope sampled the input and output 
waveforms at 4,096 equal intervals (1/2 ms) 
during one cycle. The waveform data were 
transferred to a computer, where they were 
processed via an algorithm that first com- 
puted a modified binary Fourier transform, 
then computed the electro-optical transfer 
function by taking the ratio between the 
nonzero terms of the discrete Fourier trans- 
forms of the output and input waveforms. 

This work was done by John G. Hagopian 
and William Eichorn of Goddard Space 
Flight Center. For further information, Cir- 
cle 156 on the TSP Request Card. 

G SC-1 3349 


Automatic Rejection of Multimode Laser Pulses 

Characteristic modulation is detected, enabling the rejection of multimode signals. 


NASA's Jet Propulsion Laboratory, Pasadena, California 


A monitoring circuit senses multiple 
longitudinal mode oscillation of a trans- 
versely excited, atmospheric-pressure 
(TEA) C0 2 laser. This facility was speci- 
fically developed for inclusion into a co- 
herent detection laser radar (LIDAR) sys- 
tem. Flowever, the circuit described would 
be of use in any experiment where it is 
desirable to record data only when the 
laser operates in a single longitudinal 


mode. In the case of the LIDAR applica- 
tion for which this device was originally 
conceived, received signals, derived from 
multimode transmitted pulses, exhibit a 
much broader frequency bandwidth than 
that of the receiver electronics in a typical 
heterodyne (coherent) detection configura- 
tion. They, therefore, contribute little or 
nothing to the detected signal. Although 
control circuitry usually enforces single- 


mode operation, the subject laser can oc- 
casionally revert to multimode operation. 
When this occurs, the monitoring circuit 
causes the data-acquisition system to ig- 
nore the incoming signal, thereby optimiz- 
ing the signal-to-noise ratio in a signal 
averaging situation. 

Multimode oscillation causes the laser 
pulse to be strongly amplitude-modulated 
at the frequency of separation between the 
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AN APPLICATIONS EXAMPLE. 

While the following example is for air- 
craft, it could apply to any air, land, sea 
or space system 

SEQUENCE ONE: The four-pushbutton 
display reads “ENGINE START” “BAT- 
TERY OK,” “FUEL OK; OXYGEN OK " 
The operator selects “ENGINE START" 
SEQUENCE TWO: The four- 
pushbutton display now changes to 
read “ENGINE OK." “HYDRLC OK," 
“POWER OK." “CHECKLIST." The oper- 
ator selects “CHECK LIST." 
SEQUENCE THREE: The four 
pushbutton display now reads “CHECK 
ICE,” “CHECK FLAPS,” “CHECK 
BRAKE," “SYSTEM OK." In this man- 
ner, the designer can program in as 
many sequences as required. 


Design flexibility: 
The programmable 
display system. 

Vivisun Series 2000, now the leading program- 
mable display pushbutton system, interfaces the 
operator with. the host computer. The user-friendly 
LED dot-matrix displays can display any graphics or 
alpha-numerics and are available in green, red or 
amber. They can efficiently guide the operator 
through any complex sequence with no errors and 
no wasted time. 

They also simplify operator training as well as 
control panel design. One Vivisun Series 2000 


programmable display system can do the work of 
SO or more dedicated switches. In short. Vivisun 
Series 2000 gives the design engineer more control 
over the design. 

Contact us today. 

O 4EROSMCE OPTICS INC. 

3201 Sandy Lane. Fort Worth. Texas ”6112 

(81" ) 4S1-1141 • Telex "5-8461 • Fax (81") 654-3405 


Vivisun Series 2000 

programmable displays. The intelligent 
communications system. 



SERIES 

VIVISUN 2000 
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Amplitude Modulation at the Intermode-Separation Frequency during the laser pulse 
causes this circuit to suppress the data system trigger. 


longitudinal modes. This intermode-sepa- 
ration frequency is the reciprocal of the 
period required by light to make one round 
trip within the laser cavity, so that the mod- 
ulation is easily detectable as long as the 
laser pulse duration exceeds this round- 
trip period. The monitoring circuit (see fig- 
ure) senses this modulation and processes 
it to determine whether the detected data 
should be rejected. 

A low-reflectivity beam splitter samples 
a portion of the subject laser beam and 
directs it onto an HgCdTe photoresistor. 
The output of this photoresistor is band- 
pass-filtered at the intermode-separation 
frequency (63 MHz in the original applica- 
tion). The resultant filtered signal is then 
amplified and sent to a radio-frequency 
switch controlled by the laser trigger via 
a delay circuit. The switch blocks the burst 
of broadband excitation noise that occurs 
before the laser pulse and that can trig- 
ger a false multimode-operation alarm. The 
switch passes the signal during the time 
window containing the main part of the 
laser pulse, then shuts off to block the 
“tail” of the pulse, which occasionally con- 
tains modulation that could also trigger a 
false multimode alarm. 

After passing through the switch, the 
signal is envelope-detected, amplified, and 
fed to a comparator. If the signal exceeds 
a preset value, the comparator sends a 
pulse to an AND gate. The other input to 


the AND gate is derived from the laser trig- 
ger, but delayed so as to render it syn- 
chronous with the output of the com- 
parator. The AND gate is configured so that 
if a multimode laser pulse has been de- 
tected, then the data system trigger (the 
output from the AND gate) is inhibited and 
the multimode data thus rejected. 


This work was done by David M. Tratt 
and Robert T. Menzies of Caltech and 
Carlos Esproles of Ball Systems for 

NASA’s Jet Propulsion Laboratory. For 

further information, Circle 109 on the TSP 
Request Card. 

NPO-17777 


Two-Period Gratings for Surface-Emitting Lasers 

More light is reflected back into the lasers. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


Solid-state lasers of the type that emit 
light perpendicularly to their broad sur- 
faces can be made more efficient by use 
of two-period surface diffraction gratings. 

Heretofore, a typical device of this type has 
been made with two gratings, both of 
which have a single spatial period equal 
to the wavelength of the light. 

In such a device with a single-period 
grating, the same gratings serve both to 
couple light out from the surface and to 
reflect light back into the laser resonator 
(see Figure 1). To obtain high efficiency and 
low threshold current, it is necessary to 
reflect most of the light back inside and 

Figure 1. In a Surface-Emitting Laser With Single-Period Gratings, 

the same gratings both couple light out and reflect light back inside. 


couple out only a small fraction. It is dif- 
ficult to fabricate a single-period grating 
in such a way as to attain the desired ratio 
of output coupling to reflection; as a result, 


the proportion coupled out is too large, the 
proportion reflected back in is too small, 
and consequently the single-period de- 
vices tend to exhibit low efficiencies and 


Figure 2. Grating 
Surfaces That 
Have Two Spatial 
Periods can be tai- 
lored to obtain the 
desired propor- 
tions of output cou- 
pling and inward re- 
flection. 
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WE JUST 
CUT YOUR 
MASS STORAGE 
PROBLEMS 
DOWN TO SIZE. 

Imagine talcing all the data from 412 
industry-standard 3490E written cartridges 
and putting them on just one cartridge. 

That’s like shrinking the entire 
red area above into the little gray box 
in the comer. 


But that’s the extraordinary increase 
in data density you can achieve with the 
new Ampex TeraStore™ system. 

With it, you can store a full terabyte 
of data in just six cartridges a little larger 
than this page. 

Or, with our new TeraAccess™ 
Automated Cartridge Library, you can 
store 6.4 terabytes in just 21 square feet- 
a volumetric efficiency of more than 
100:1 over any other robotic system on 
the market today. 

And both systems deliver an 
unprecedented transfer rate of 15 Mbytes 


per second sustained, 20 Mbytes per 
second burst. 

The simple fact is, TeraStore and 
TeraAccess can help you cut the mass 
storage problems of the 90’s down to 
size today. 

For more information, call or 
write us today. Or see these revolution- 
ary systems in person at Booth 417 
at the NASA Technology 2001 Show 
in San Jose from December 3-5, 1991. 
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high threshold currents. 

Figure 2 illustrates two versions of a rec- 
tangular two-period-grating surface-emit- 
ting laser. In the first version, one of the 
gratings is divided into two adjacent parts: 
an output part in which the spatial period 
is equal to or slightly less than the wave- 
length and a reflecting part in which the 
spatial period is half the wavelength. By 
separating the output-coupling portion 
from the reflecting portion, one can tailor 
each independently of the other to opti- 
mize the structure of the device to obtain 
low threshold current. This device has been 
demonstrated to give a 40 percent reduc- 
tion in threshold current compared to con- 
ventional devices. 

In the second version, the grating on 
the reflecting (only) surface has a spatial 


period of half the wavelength, while the 
grating on the output surface has a single 
pattern characterized by two spatial peri- 
ods. The average distance between adja- 
cent ridges is half the wavelength. The 
even- and odd-numbered ridges have 
slightly different shapes and/or are dis- 
placed toward or away from each other 
by a small fraction of the wavelength; this 
amounts to a slight perturbation in the half- 
wavelength pattern, with a spatial period 
equal to the full wavelength. The strength 
of the output coupling from this grating 
increases with the amount of full-wave- 
length perturbation from the half-wave- 
length pattern. 

The same principle should also be ap- 
plicable to an annular-Bragg-reflector-grat- 
ing surface-emitting laser described in 


NASA Tech Briefs Vol. 14, No. 10 (1990), 
page 20 (NPO-17912). In this case, the 
annular grating would be divided into two 
parts: an inner first-order grating (with radi- 
al period * half the wavelength) for reflec- 
tion and an outer second-order grating 
(with radial period * the wavelength) for 
output coupling. 

This work was done by Robert J. Lang 
of Caltech for NASA’s Jet Propulsion 
Laboratory. For further information, Cir- 
cle 131 on the TSP Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. In- 
quiries concerning nonexclusive or ex- 
clusive license for its commercial develop- 
ment should be addressed to the Patent 
Counsel, NASA Resident Office-JPL [see 
page 20]. Refer to NPO-18054. 


? Rugged Direct-Current Transducer 

The solid core withstands mechanical and thermal shocks. 


NASA's Jet Propulsion Laboratory, Pasadena, California 


A direct-current transducer withstands 
thermal and mechanical shocks. It oper- 
ates from a single, nominally 15-V power 
supply and is nearly insensitive to both 
large variations in temperature and varia- 
tions of as much as ±5 V in the supply 
voltage. Its output voltage is a highly linear 
function of the sensed current, with a full- 
scale value of about 3 Vdc and an offset 
of about 0.1 Vdc at 0 sensed current. 

The ruggedness of the transducer is due 
in large part to the novel magnetic core, 
which is machined from a solid block of 
a nickel/iron high-permeability, low-hyster- 
esis alloy. This kind of core can withstand 
more mechanical and thermal abuse than 
can the tape-wound and sintered cores 
used in older transducers. The core in- 
cludes mounting tabs and a gap that ac- 
commodates a Hall-effect sensor (see Fig- 
ure 1). The wire carrying the current to be 
sensed is wrapped around part of the core. 

The Hall-effect sensor is connected to 
an instrumentation amplifier (see Figure 
2). This sensor puts out a voltage propor- 
tional to the current to be sensed and to 
the constant current l c that is supplied to 
it. I c is generated by part of the instrumen- 
tation amplifier; namely, the combination 
of Zener diode CR 2 , constant-current diode 
CR V and operational amplifier 1^, which 
is part of a quad operational amplifier that 
also includes operational amplifiers U B , 
U c , and U D . 

The output voltage V H from the Hall-ef- 
fect sensor is fed to U B and U c . The out- 
puts of U B and U c are fed to U D , which 
serves as the output amplifier. Resistor 
R 13 is selected to provide the desired out- 
put-voltage offset, and R 14 is selected in 
conjunction with the number of turns in 
the coil on the core to provide the desired 
gain. Three units were built, 1 turn for 20 A, 
2 turns for 10 A, and 20 turns for 1 A. 


This work was done by Colonel W. T. 
McLyman of Caltech for NASA’s Jet Pro- 
pulsion Laboratory. For further informa- 
tion, Circle 92 on the TSP Request Card. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title 
to this invention. Inquiries concerning 
rights for its commercial use should be ad- 
dressed to 
Edward Ansell 

Director of Patents and Licensing 
Mail Stop 305-6 

California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 
Refer to NPO-17957, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 



Figure 1. The Magnetic Core is machined 
from a solid block of high-permeability nickel/ 
iron alloy. 



Figure 2. The T ransducer Circuit excites a Hall-effect sensor and puts out a voltage that varies 
linearly with the sensed current. 
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Mathcad 3.0 gives you 
the only kind of power you need. 

Usable power. 


Try new Mathcad 3.0 
for yourself with a 
free demo disk. 

Mathcad gives you a com- 
plete set of tools to solve vir- 
tually any math or technical 
problem. It handles everyday 
functions like sums, products 
tables, and scatter plots. It 
takes care of tougher prob- 
lems like simplifying formu- 
las and solving for variables. 

It combines real math nota- 
tion, text and graphics right 
on your PC 
Windows, 

PC DOS, 

Macintosh, 
or UNIX 
screen and 
prints it out 
in a presen- 
tation-quality document. And 
the new PC version delivers 
all this in a Microsoft 
Windows environment, so 
you can be up and running in 
a matter of hours — working 
faster than before. 

It works the way you think. 

Type your calculations in the 
obvious way — like 2*cm/sec 
+ 3*mi/hr — and Mathcad 
shows them to you in typeset 
math. Hit “=” and the 




answer 
appears instantly. You can 
even pick the displayed units. 
Forget spreadsheets that hide 
cryptic formulas behind cells, 
and calculators with fifty but- 
tons that show you one num- 
ber and don't know an inch 
from a microsecond. Mathcad 
uses real math notation and a 


live document interface™ to 
make what’s on your screen 
reflect what’s in your head. 
Select “PRINT,” and 
Mathcad delivers hard 
copy that looks exactly 
the way you want it to 
look for your reports. 

Power to handle the 
simple to the complex. 

The most commonly used 
math and technical functions 
are built right into Mathcad. 

FFTs, trigono- 
metric func- 
tions, and 
graphics are a 
breeze— and 
so are more 
complex cal- 
culations like 
cubic splines, 
derivatives, and matrix deter- 
minants. You get faster 
results with fewer errors than 
spreadsheets, FORTRAN or 
C programming. 

With a simple menu pick, 
select functions and operators 
to perform symbolic calcula- 
tions on your math. Mathcad 
makes it easy to simplify a 
messy formula, or turn it 
around to give you “x” 
instead of “y.” No new lan- 
guages to learn to do 
integrals, Taylor series, 
infinite sums, or partial 
fractions. The symbol- 
ic answer is ready for 
numerical calcula- 
tions or further sym- 
bolic transformation. 

Built-in Electronic 
Handbooks are as useful 
and practical as 
reference handbooks. 

If you need to know the resis- 
tance of 10 feet of 12-gauge 
copper wire, or the weight of 
a gallon of water — or any one 
of hundreds of standard for- 


mulas, constants, or calcula- 
tions — Mathcad already has 
the answer. Just click 
and paste it from the 
handbook into your 
document. 

Document it all 
with a few 
keystrokes. 







When you’re 
done, print it 
all out in a pre- 
sentation-quality docu- 
ment that contains your text, 
math, and graphics just as 
they appear on the screen. 
Whether it’s for a presenta- 
tion, a lecture, or just for your 
files, Mathcad documents 
your work in style. 

Applications packs tailor 
Mathcad to your job. 

You can extend 
Mathcad’s 
capabilities 
even further 
with an appli- 
cations pack for 
your specific 
discipline. 

Packs include 
electrical, 

mechanical, civil, and chemi 
cal engineering, advanced 



math, statistics, numerical 
methods, and teaching and 
laboratory materials. 

From the leader in 
software-based technical 
calculation solutions. 

MathSoft offers a range of 
solutions to over 130,000 users 
that take care of virtually any 
math application and give 
faster results than are available 
with calculators, spreadsheets, 
or programming. The latest 
addition to our family of 
products is Maple — power- 
ful yet easy-to-use symbolic 
math software. It combines 
symbolic analysis and graph- 
ics in a single programmable 
format, and it runs on a wide 
range of systems, from micro- 
computers to supercomputers. 

Call 800- 
MATHCAD 
for a free 
demo disk or 
upgrade infor- 
mation. Or 
return the 
coupon below 
for more infor- 
mation. 

Math Soft 


V - 


/ + * 


Tell me more about new Mathcad! 


Name 


Title 


Company or institution 


Address 


City 


State 


_Zjp_ 


Phone (_ 


To request a demo disk right now. call 800-MATHCAD! (61 7-577-1 01 7.) 

Or fax this coupon to 617-577-8829. Please specify platform: 

□ PC Windows C Macintosh 

□ PC DOS O Unix 

Please specify disk size: □ 3 1/2’ □ 5 1/4’ 

Mail this coupon to: MathSoft, Inc. 201 Broadway, Cambridge. MA 02139 USA 
NTB22 Rower 


Australia: Heame (03) 866-1766; Belgium: SCIA 013/55 17 75; Denmark: Engbcrg 42 
25 1 7 77; Finland: Zenex 90-692-7677; France: ISE ( 1 ) 46 09 24 00; Germany: Softline 
(O 78 02) 4036; Italy: Channel 02-90091773; Japan: CRC 03-3665-9741 ; Netherlands: 
Klaasing 01620-81600; Norway: Protech 09-959020; Switzerland: Redacom 032-41 
01-11; U.K.: Adept Scientific (0462) 480055. In other locations, contact MathSoft. USA. 
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Altering Interline Transfer in a CCD To Reduce Saturation 

Charges accumulated during part of a frame period would be dumped. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 



Figure 1 . These Timing Signals for Interline Transfer of charges in a CCD would be used 
in two versions of the proposed scheme. In still other versions, the frame period, F, could be 
broken into intervals of FI 8 or less. 



Figure 2. This Control System would vary the time of beginning of the last sweepout period 
for each field in such a way as to prevent or reduce the incidence of both overexposure and 
underexposure. 


In a proposed interline-transfer timing 
scheme for a charge-coupled-device 
(CCD) video imaging array, the charges ac- 
cumulated during some fraction of a frame 
period would be read out in the usual way, 
while the charges accumulated during the 
remaining fraction of a frame period would 
be swept out and dumped to prevent over- 
loading and saturation in intensely illumi- 
nated photosites. The excess charges 
would be swept out at the highest possi- 
ble rate, while the charges used for imag- 
ing would be read out at a rate that was 
lower but that was nevertheless the high- 
est rate that would provide complete trans- 
fer of charge on the array and that could 
be handled by subsequent signal-proc- 
essing equipment. 

In the typical operation of an interline 
CCD, the charges accumulated in the pho- 
tosites (picture elements) are periodically 
transferred from rows of photosites into 
columns of optically masked CCD transfer 
gates. These charges are sequentially 
stepped along the columns into a row shift 
register so that information on the image 
can be extracted as a series of charges 
in rows of picture elements. In interlaced 
scanning (to which the proposed scheme 
applies), the complete scene is read out 
in frames, each of which consists of two 
fields. The first field consists of the odd- 
numbered lines; the second, of the even- 
numbered lines. 

Figure 1 illustrates two of several ver- 
sions of the proposed timing scheme. Let 
F denote the frame period, and let the zero 
of time be denoted as the leading edge 
of a pulse that would mark the beginning 
of readout of the odd field. A similar pulse 
would mark the beginning of readout of 
the even field at F/2. An interval of F/ 4 
would be devoted to the readout of each 
field. In the first version of the timing 
scheme, the charges would be swept out 
of the odd (or even) field at some time dur- 
ing the interval of F/ 4 between the end of 
readout of that field and the beginning of 
readout of the subsequent even (or odd) 
field. In the second version, the charges 
would be swept out of each field at some 
time during the interval of F/4 that would 
30 


immediately precede the readout of that 
field. 

In both versions, the last sweepout of 
a field during each frame period would 
have to commence no later than one 
sweepout period before the beginning of 
the readout to follow. Provided that each 
such last sweepout occurred as late as 
possible and that the sweepout period was 
much shorter than F/ 4, the first version 
could dispose of as much as 1/4 the 
charges integrated during the frame 
period, F, allowing an overexposure of 4/3 
the saturation intensity. The second ver- 
sion could allow a much greater overex- 
posure because it would limit the charge- 


integration time to the time required to gain 
access to the photodetectors and sweep 
out the excess charges. 

Figure 2 illustrates a scheme to control 
the time of the beginning of the last sweep- 
out in response to the amount and loca- 
tion of overload in a scene. The readout 
charges would be passed from the CCD 
to a video detector and line clamp. The 
detector would filter the noise component 
out of the signal, while the clamp would 
fix the signal at a minimum dc reference 
level. A voltage comparator would indicate 
any picture elements in which the charge 
exceeded a reference level just below the 
saturation level of the CCD. 
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Rack Your Brain 


Elastomeric 
Shock Mounts 

Provide controlled 
shock and 
vibration levels. 
Two inches of 
sway space allows 
improved air flow 
over foam 
captivated 
systems. 

Molded-in 
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For extra strength 
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corners and edges 
are 10-20% 
thicker than flat 
walls. One piece 
stress-free molded 
lid and base. No 
fragile aluminum 
to bend and leak. 


Trust your sensitive electronic 'brain' to a Hardigg 19" rack. 
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The output of the comparator would be 
integrated over a frame period to produce 
a signal indicative of the fraction of the 
CCD array that was saturated, if any. The 
integration could be weighted to empha- 
size the center or any other portion of the 
array. The output of the integrator would 
be applied to a pair of hysteretic voltage 
comparators, which would define a range 
of acceptable exposure. The comparators 
would drive the "up” and "down" control 
lines of a bidirectional counter, the output 
of which would determine the beginning 
of the last sweepout period. If overex- 
posure were signaled, the counter would 
decrement by one count per frame until 
the exposure was sufficiently short or un- 
til the minimum integration time was 
reached. If underexposure were signaled, 
the counter would increment one count 
per frame to boost the signal. When cor- 
rect exposure was signaled, no counting 
would occur. 

This work was done by Edward M. 
Rentsch of General Electric Co. for 

NASA’s Jet Propulsion Laboratory For 

further information, Circle 163 on the TSP 
Request Card. 

NPO-17935 

Knowledge-Based 

Flight-Status 

Monitor 

Telemetered data from advanced 
aircraft would be processed 
automatically to detect failures. 

Ames Research Center, 

Moffett Field, California 

A conceptual digital computing system 
is intended to monitor and interpret tele- 
metered data on the health and status of 
a complicated avionic system in an ad- 
vanced experimental aircraft. When fully 
developed, the monitor would be pro- 
grammed with expert-system software 
to interpret the data in real time. The soft- 
ware would include a rule-based model of 
the failure-management system of the 
aircraft that would process fault-indicating 
signals from the avionic system to give 
timely advice to human operators in the 
mission-control room on the ground. A pro- 
totype of the expert-system software was 
developed via the MUSE system, which 
is a software toolkit for the development 
of real-time applications of artificial 
intelligence. 

In the flight-status monitor (see Figure 
1), the telemetered data would be trans- 
lated into digital words, then fed into the 
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expert system, which would determine 
whether any changes in the data had oc- 
curred since the previous sample. The ex- 
pert system would evaluate the effects of 
any such changes. A data-driven fore- 
ground loop would determine the state of 
the system and inform the user — in this 
case the systems engineer — of the 
changes and consequences. If a failure 
were detected, a warning or caution would 
be issued along with corrective or emer- 
gency procedures, when required. As a 
part of this evaluation, the expert system 
might ask the user questions on the state 
of the aircraft. A background task would 
allow the user to query the monitor for in- 
formation on the state of the flight-control 
system or the rationale used to reach its 
conclusions. The expert system would in- 
terrupt the background task, when neces- 
sary, to evaluate new data, but if the state 
of the flight-control system had not changed 
between inputs, the expert system would 
not reevaluate that state. 

The knowledge base would contain both 
rules specific to the aircraft and metarules, 
which are the rules that the systems en- 
gineer uses to determine the correct re- 
sponse to a failure. The flight-status mon- 
itor would use these rules to model the 
failure-detection subsystem of the flight- 
control system and compare the modeled 


state with that of the aircraft. If the conclu- 
sions of the monitor disagreed with the 
state of the aircraft, a warning would be 
issued, and the user could ask the system 
to resolve the conflict. The conflict would 
be resolved as part of the background task 
so as not to interfere with the higher-priority 
task of evaluating the aircraft data as they 
were received. 

The prototype software consists of sev- 
eral separate expert systems, each with 
its own inference mechanism. The inter- 
nal structure of the flight-status monitor, 
as represented in the software, is shown 
in Figure 2. The inference mechanisms 
involve predominantly forward-chaining, 
data-driven processes. The aircraft sensor- 
and-failure-management (ASFM) expert 
system uses a forward-chaining logic 
mechanism to model the failure-manage- 
ment system of the aircraft and to deduce 
conditions of concern or danger based on 
the failure-indicator information. A meta- 
monitor expert system deduces situations 
of concern based on knowledge of de- 
ductions from the ASFM expert system 
and the failure-management system. The 
situations of concern deduced by the 
metamonitor are analyzed by a fault-iso- 
lation expert system that deduces prob- 
able causes of conflicts, recommends cor- 
rective actions, and issues warnings. 
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New Event Timing Controller 


The latest innovation fron Guide Technology ; 
the GT 401 Real-Time Event Controller Now you 
can easily control and monitor external events. An 
on-board Intel 8051 controller handles real-time 
processing without burdening your PC with timing 
tasks The GT 401 $ a precision tool, with 50,000 
times the resolution of the DOS clock in your PC. 

• Timing Resolution: 1 microsecond 

• Four channels can be used as pulse outputs or 
time-tagging inputs with 400 nanosec resolution. 

• Three 10MHz counter/timers can be synchron- 
ized to the real-time clock. 

• Various time formats implemented in hardware. 

• Entirely software-controlled, using software 
included free with each GT 401 board 

#ST 401 Event Timing Controller 5995 

*GT 100 Low-Cost 100MHz Universal Counter $095, 
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Arne! Intelligent Serial Boards 

Your PC is no longer limited to 2 serial ports! 

Multi-port serial boards from Arnet let your DOS- 
based PC support up to 66 serial ports. All Arnet 
boards come complete with DOS Driver Software 
and an external 25-pin “D“ connector box. 

• Intelligent units offer on-board 80186 micro- 
processor and dual-ported RAM buffer. 

• Free DOS driver software lets DOS recognize 
up to 66 COM: ports. 

• SurgeBlock on aH ports protects your PC 
from killer voltage spikes. 

• “Rock-Solid Lifetime Warranty 

-COMH 104 4-Port Intelligent Serial Board... $595 

-COMH 108 8-Port Intelligent Serial Board $995 

«C0MH 116 16-Port Intelligent Serial Board... $1895 
j'COMH 132 32-Port Intelligent Serial Board $2995 
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DECEMBER PRODUCT SHOWCASE 
PC Products for Scientists & Engineers 

1 - 800 - 486-8800 

Toll-Free Hotline • Free Application Engineering 


SOFTWARE 




PC SYSTEMS 




Digital Products DataCommander 


D 

New DataCommander Serial Port Multi- 
plexers operate independently of your host PC. 
Achieve high-speed data collection and communi- 
cations from many sources without taxing your 
PC's main processor. On-board 250K memory 
buffer (upgradeable to 4MB) and on-board micro- 
processor make the DataCommander' a powerful 
acquisition tool. Your PC can be executing 
other tasks while the unit spools up to 
4MB of incoming data. 

Ports on these units use DB 25-pin connectors. 
Custom configurations are available fea- 
turing RS-422 (long distance) lines, RJ-11 / RJ-45 
connectors, and parallel port options. 

*DC0M 600 6-Port RS-232 DataCommander $995 

^DCOM 1000 10-Port RS-232 DataCommander. ..$1495 
*DC0M 1610 16-Port RS-232 DataCommander $1995 
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NEW Snap-Master Software: 
Data Acquisition for Windows 

Discover Snap-Master — the only Windows- 
based data acquisition and analysis software to 
| achieve high-speed, real-time data acquisition 
I with multiple simultaneous A/D boards. 

Snap-Master lets you define your own custom 
I instruments using icons and easy-to-understand 
I flow charts. A pre-defined database of sensors 
I is integrated with the data acquisition system. 

#HDS 200 Snap-Master Acquisition Module.. $995 
IHDS 21 0 Snap-Master Analysis Module $495 

Use modules as an integrated package or stand-alone^ ^ 


Elma Rack-Mount Keyboards 

If you use a standard keyboard with your rack- 
mounted system, you know what a nuisance and 
a hazard it can be. These new industrial key- 
boards are designed to fit easily into any El A 19’ 
rack. Rugged and reliable, these keyboards are 
made in the U S. A. by a Swiss company and 
demonstrate classic Swiss craftsmanship. 

• Full 101 -key layout. 

• Full-travel construction with excellent tactile 
feel for touch-typing. 

• 0IX 3010 keyboard is set in a drawer (not shown). 

• 0IX 6010 keyboard slides out w/ a locking door. 

• Occupies only 1 rack space (1.75* high). 

#0IX 3010 Rack-Mount Keyboard w/Wrist Rest $295 
iQIX 6010 Rack-Mount Industrial Keyboard $395 



LabWindows 2.0 Menu-Driven 
Instrumentation Software 

With LabWindows 2.0 you get the best of | 
both worlds: the ease-of-use of a menu-driven 
package combined wjth the flexibility possible | 
only when you write your own code. The menu 
interface takes you step-by-step through the | 
process of configuring the data acquisition, 
analysis, and display portions of your system. 
It then compiles your setup into C or I 
QuickBASIC code. This is the easiest way to [ 
create data acquisition and analysis programs! 

*NIS 473 LabWindows 2.0 Software $895 

*NIS 474 LabWindows Advanced Analysis $895 

^NIS 475 LabWin. Acquis. + Analysis (both). .$1 395 . 
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NEW! Rack-Mount PC's with 
built-in VGA Monitors 

CyberResearch carries the broadest line of rack- 
mount and industrial computers. Now we've added 
new models with built-in VGA monitors. You get 
a compact unit with '386 power and a color display. 

• Built-In 10“ VGA Color Monitor & VGA Card 

• 4 Megabytes of RAM (2MB for the VRC 386- 16S) 

• Enhanced 101 -Key Keyboard 

• 1 .2 MB Floppy Drive (or 1 .44/3.5" if preferred) 

• 2 Serial RS-232 Ports & 1 Parallel Printer Port 

• DOS 3.3 Software (or DOS 5.0, if preferred) 
*VRC 386-16S VGA Rack-Mt. PC, 80386sx, 16MHz$3595 
*VRC 386-33 VGA Rack-Mt. PC, 80386. 33MHz $4995 
#VRC 486-33E VGA Rack-Mt. EISA. 486, 33MHz $6995, 








DATA ACQUISITION DATA ACQUISITION 


FREE! 

Combination Catalog I Tutorial 






I TOLL-FREE HOTLINE 

( 800 ) 486-8800 


The CyberResearch 
PC Systems Handbook 
for Scientists and 
Engineers describes 
over 1400 unique 
and hard to find 
items for PC-based 
engineering. Packed 
with useful technical 
information & easy- 
to-read diagrams, 
this detailed and in- 
valuable reference 
should be part of every engineer s library. 
For a complimentary copy of this unusual 
catalog and reference guide, call (800) 394- 
3300 or (203) 483-8815 (CT & Overseas). 

The PC Systems Handbook is available out- 
side the United States for S14.95US, prepaid, 
including surface delivery (allow 2-4 weeks). 
Send S19.95US for express airmail delivery. 


from Strawberry Ttee 


SAVE 30% OR MORE 

With Metrabyte-Compatibles 


1 MHz 12-Bit ComputerScope 
Offers Unique Advantages 


The ComputerScope High-Speed Data Acquisition 
System from RC Electronics includes a 1MHz 
A/D board, a BNC Terminal Panel, and Digital 
Oscilloscope Software A specially-designed 
series of software modules provides tightly- 
integrated real-time performance Call us for 
detailed information on the EGAA software system. 

• Sixteen 12-bit Analog Input Channels. 

• 64K-Sample Buffer for Maximum Performance 

• Supports Pretriggering Sample Mode. 

• Comes complete with ComputerScope Software 

#INST 601 1 MHz ComputerScope System $2495 

#INST 605 EGAA Multi-Tasking Software $795 

#INST 615 Electronic Chart Recorder & AutoDisk 

Data Logging Software Modules...$1195 


Our new series of CYDAS Metrabyte-Compatible 
data acquisition and control boards offer both much 
lower cost and valuable added features; yet they 
maintain guaranteed 100% Metrabyte-Compatibility. 

Metrabyte Cyber 

Our Part # Price Price 

#CYDAS 16F lOOKHz, 16-Ch. A/D Bd. $1165 1859 

"CYDAS 16 50KHz, 16-Ch. A/D Bd $999 $799 

*CYDAS 8 20KHz, 8-Chan. A/D Bd. $425 $299 

-CYDAS 8PG 20KHz A/D w/Prog. Gain 
*CYDAC 02 2-Chan. 12-Bit D/A Board 
iCYDDA 06 6-Chan. 1 2-Bit D/A Board 
#CYDI0 24 24-Ch. (PIO-12) TTL 1/0 

iCYDIO 24H 24-Ch. (PI0-24) Dig. 1/0 
#CYCTM 05 5-Ch. Counter/Timer Bd. 

2 CYCTM 05’s on 1 board 


iCYCTM 10 
*CYMUX16 
"CYMUX 32 
#CYSSH 04 
*CYSSH 16 


$599 $349 

$299 $159 

$650 $349 

$130 $75 

$185 $95 

$325 $149 

$650 $239 

16-Ch. Multiplexer Panel $399 $249 

2 CYMUX 16 s on 1 board $798 $349 

4-Chan. Simul. Sampling $450 $399 

16-Ch. Simul. Sampling $1800 


Directly Interface to 
Any 1Vpe of Transducer Signal 

When you need to measure several types of 
inputs, but your budget won't support the high cost 
of signal conditioning modules, there is only one 
solution: The new UPC series of Direct Sensor 
Input Cards from Validyne Engineering. 

• Directly connects to Thermocouples. Strain 
Gauges, RTD's, LVDT's, RVDT's, Voltage 
Sources, and Resistance Devices. 

• Sixteen Analog Inputs with 14-Bit Resolution. 

• Data Acquisition at up to 20,000 samples/sec. 

• Perfect for Portable PC DAS Systems 

• Comes complete with Easy Sense Software. 
Software Drivers, and a Screw Terminal Panel. 

#UPC 601 20KHz Direct Sensor Input Card $1795 

. #UPC 608 20KHz A/D with 2 D/A's & 16 DIO's $2395 


C9 

Redlake TapeCaster 
VGA to Video Converter 

Redlake’s TapeCaster converts VGA screen 
output to video for applications such as animation 
and creating training tapes. The TapeCaster is 
extremely easy to use: no base addresses, no 
interrupts, no software — just plug and play. 

• True, precise NTSC or PAL video timing. 

• Simultaneous VGA and video display. 

• Composite Video & Y-C (SuperVHS) output for 
use with equipment ranging from an inexpensive 
VCR to broadcast-quality professional video. 

*NTSC 200 TapeCaster - NTSC Video Output $750 

#PAL 200 TapeCaster - PAL (Europe) Video Out. ...$750 
*NTSC 100 Spectrum-NTSC Video Digitizer and VGA 
Overlay Controller with software $1650 


Berry Fast: 200 KHz for just $895 


The new WorkMate data acquisition board 
combines ease-of-use with blinding speed. 
Entirely software configured and controlled, the 
new WMPC 200 makes data acquisition on a PC 
simple, without sacrificing performance. Each 
WorkMate board comes with a free copy of Quick- 
LogPC, an icon-driven data acquisition program. 

For the ultimate in easy-to-use A/D software. 
WorkBenchPC combines an icon-driven interface 
with powerful acquisition & analysis capabilities. 

*WMPC 200 WorkMate 200KHz A/D Board $895 


#FLPC 1000 16-Channel, 1MHz A/D Board $1995 

*FLPC 400 Flash 1 MHz/400KHz A/D Board ..$1295 


L *STS 050 WorkBenchPC Software $995^ 


Makes motor control easy. 


PC-based motion control may seem like science 
fiction to many people. Here at CyberResearch, 
it's one of our specialties. It can also cost a lot less 
than you think. Shown here is our CMOS 222A 
complete motor control system, which includes: 

• Technology 80 2-Axis Intelligent Stepping Motor 
Controller board complete with software. 

• Oriental Motors High-Torque Stepping Motors, 
Size 23, 1 87Step (Qty2) 

• IMS 40V, 3.5A Bipolar Chopper Drivers (Qty 2) 

• Electrostatics Regulated DC Power Supply 

• Terminal Panel and Cabling 

#CMCS 222A High Torque. Dual-Motor, PC-based 
Stepping Motor Control System $1595 


You can order from CyberResearch with confidence. 

If you are not completely satisfied with your purchase, 
simply call our toll-free hotline within 30 days of 
receiving the item. A friendly customer service 
technician will arrange for a full refund, replacement, 
exchange, or credit. No Problem. No Hassle. 

(We reserve the right to refuse returns on items which 
have been damaged or defaced, and returns of 
quantity, discounted, dealer, or OEM sales.) 

FREE Application Engineering 

At CyberResearch we have no salespeople. 

Our engineers have one priority: to help 

you find the best technical solution to 

your problems. Calling our 

Applications Hotline is like mmWt 

having your own free consul- | a V II I® I K 

tant. So call and let our years M 1 1 ■! 

of experience work for you. \] 

Worldwide 

(203)483-8815 ^ - 

Fax:(203)483-8024 I - 


When you need PC-compatible equipment for 
science and engineering, there's only one name to 
think of: CyberResearch We offer the largest 
selection of hardware and software for data acquisi- 
tion, instrumentation, communications, motion 
control, etc. We stock all your best-known suppliers 
like those featured on these pages and many more. 

It's Easy to Order 

We accept Purchase orders from: 

• Companies with an established credit account. 

• Government Agencies 
• Fortune 500 companies 
• Universities and hospitals 

If you don't fall into one of 
IPOQH Oil these categories, you can 
lUufll ■■II place orders prepaid (credit 
■ card/check) or COD with a 
_ j) company check. 


Mailing Address: P.Q. Box 9565 

New Haven, CT 06535 0565 


Wide Selection of Products 


100% Satisfaction Guarantee 
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Laboratory precision 

YOU CAN TAKE WITH YOU 



E SI’s highly stable, transportable Resistance 
Standards allow routine calibration in the 
laboratory or in the field. 

The SRI resistance standards offer 0.005% long- 
term accuracy for most values from IQ to 10M£2. 
Dekabox DB877 Coaxial Dial and DB62 In-line 
Decade Resistors provide additional linearity check- 
ing capability with virtually continuous resistance 
between 0.01Q and 12MD at 0.02% accuracy. 


Call us toll-free 


( 800 ) 547 - 1863 . 

In Oregon. 

)641- 


(503) ( 


-4141. 



Electro Scientific Industries. Inc 
1 3900 NW Science Park Drive • Portland. OR 97229 
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What is 

Desktop Signal Processing 
all About? 


• 25 to 450 MFLOPs 
and Beyond 

• 1.6 G bytes/sec system bandwidth 

• 8, 12 & 16 bit Analog I/O 
32 bit Digital I/O up to 100 Mbytes/ sec 

• Macintosh®, IBM® & SUN® hosts 

• Extensive Signal Processing Library 


It’s About Time. 





UULHMIN 


SUIbN I IMG 


2698 Junipero Ave, Suite 104 Long Beach, CA 90806-2124 
voice (213)988-8930 fax (213)988-8936 

©1990 Dolphin Scientific. Inc. All Rights Reserved. 

All other trademarks mentioned arc held by their respective companies. 
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Figure 1 . The Flight-Status Monitor would alert the flight-systems 
engineer to the need for corrective action in the event of a failure 
during flight. 



Figure 2. The Internal Structure of the Flight-Status Monitor, as 

envisioned in its software, includes several different representations of 
expert-system rules. 

These expert systems provide detailed information on the 
status of the aircraft systems and perform a function compa- 
rable to that of an expert in flight systems. 

The system-operability expert system uses knowledge of 
the effectiveness of the system and the detailed data on the 
status of the system to provide a high-level assessment of the 
ability of the flight-control system to control the aircraft, com- 
plete a specific mission, or function in a given mode. This 
assessment is performed by a backward-chaining mechanism, 
using hypotheses in an order established by the user. The 
order of the hypotheses is important because it provides a 
means for the expert system to determine priorities; the system 
uses this knowledge of priorities to determine the highest level 
at which the system is operable and provides this information 
to the user. The system-operability rules are also used to 
establish the worst consequences of any additional failure. 

This work was done by E. L. Duke of Ames Research 
Center, J.D. Disbrow of PRC Systems Services , Inc., andG. 
F. Butler of the Royal Aerospace Establishment Further 
information may be found in NASA TM-1 01 71 0 [N90-1 3995], 
"A Knowledge Based Flight Status Monitor for Real-Time 
Application in Digital Avionics Systems . " 

Copies may be purchased [prepayment required] from the 
National Technical Information Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. Rush orders maybe 
placed for an extra fee by calling (800) 336-4700. ARC- 12712 
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Signal creation and analysis enters 
a new domain: the real world. 


WaveForm DSP™ closes the 
loop from lab to math model to 
the outside world. It is a data 
acquisition, signal analysis, and 
waveform creation tool, all in an 
easy-to-use Microsoft Windows®- 
based program. 

Waveforms can be acquired 
or created many different ways. 
Draw them, build them with the 
library, input math formulas, 
share data from programs like 
Excel*, or even get a real signal 
from a digitizing storage 
oscilloscope. 

WaveForm DSP also has 
powerful math functions for 
combining, concatenating and 


manipulating signals, with 
options for signal filtering and 
much more. Accuracy is 
assured because calculations 
are done in double precision 
(64 bit) math. 

The signals you create can 
be used to drive an arbitrary 
function generator capable of 
reproducing any imaginable 
waveform. Or they can be out- 
put to printers, plotters, or 
saved as files for other 
applications. 

Multiple windows can be 
open at once, and they can all 
be interactive. Imagine being 
able to change a waveform in 
the frequency domain and see 


©Copyright 1992 Wavetek Corporation. 

Wavetek and WaveForm DSP are trademarks of Wavetek Corporation. 

Microsoft. Microsoft Windows and Microsoft Excel are trademarks of Microsoft Corporation. 
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the results in a time domain 
plot on the same screen — with 
just the click of a mouse. Or 
change a signal going to a test 
and see a graphic display of the 
analyzed results. 

If you haven’t been 
comfortable with digital signal 
processing before, you will be 
now. And if you never thought 
of using arbitrary generators 
before, get ready for a whole 
new spectrum of possibilities. 

To try WaveForm DSP, call 
1-800-223-9885. 




Wideband Phase-Locked Angle Modulator 

The modulator can be designed independently of the phase-locked loop. 
NASA’s Jet Propulsion Laboratory, Pasadena, California 


A modified configuration for a phase- 
locked angle modulator circuit makes it 
possible to design the filters in the mod- 
ulating portion of the circuit independent- 
ly of the filter in the phase-locked-loop por- 
tion (the "loop filter”). The bandwidth of 
the phase- or frequency-modulated output 
is not limited by the low-pass nature of the 
loop filter, as it is in a typical conventional 
phase-locked angle modulator. 

The figure illustrates the conventional 
and modified phase-locked angle modula- 
tors. In the conventional circuit, the phase- 
or frequency-modulating signal, whichever 
the case may be, is applied at one of the 
two baseband positions of the feedback 
arm of the phase-locked loop. These are, 
respectively, the position immediately pre- 
ceding or the position immediately follow- 
ing the loop filter. In the modified circuit, 
the modulating signal is applied through 
modulation filters to both baseband posi- 
tions, so that the design of the modulator 
can be freed of the constraints that would 
otherwise be imposed by the loop filter. 

An analysis of the transfer functions of 
the modified circuit shows that an appro- 


priate choice of the modulation filters makes 
the output phase or frequency modulation 
independent of the transfer function of the 
loop filter. For phase modulation, this choice 
is P{s) = sIKqK d and Q(s) = 1, where 
the symbols have the meanings indicated 
in the figure. The modulation filter denoted 
by this P(s) is a differentiator with a time 
constant equal to i/K q K d . This choice 
makes the phase modulation of the out- 
put signal equal to 1 /K d x the input mod- 
ulating signal. 

For frequency modulation, the choice 
is P(s) = 1 and Q(s) = KqK d /s. The 
modulation filter denoted by this Q(s) is an 
integrator with a time constant equal to 
l//<oK D . This choice makes the frequen- 
cy modulation of the output signal equal 
to K 0 X the input modulating signal. As 
one can determine by examining the figure, 
the frequency modulator can be derived 
from the phase modulator by inserting an 
integrator in each of the modulating-signal- 
injecting arms. 

This scheme is subject to the require- 
ment to constrain the peak modulation in- 
dex so that the total phase error at the in- 


put of the phase detector does not exceed 
the linear range of the phase detector. 
Also, because the phase-locked loop is a 
carrier-tracking loop, the modulation index 
must be constrained to prevent a carrier 
null at the input of the phase detector and 
to prevent saturation of the integrator or 
differentiator. 

This scheme was applied to phase-mod- 
ulate a phase-locked oscillator designed 
for low-noise performance at a carrier 
frequency of 2,290 MHz. Measurements 
showed that the 3-dB bandwidth of the 
output modulation spectrum was about 
1.50 MHz, even though that of the phase- 
locked loop was only 75 kHz. 

This work was done by Lim Nguyen of 
Caltech for NASA’s Jet Propulsion Lab- 
oratory. For further information, Circle 140 
on the TSP Request Card. 

Inquiries concerning rights for the com - 
mercial use of this invention should be ad- 
dressed to the Patent Counsel. NASA Resi- 
dent Office-JPL [see page 20]. Refer to 
NPO-18047. 
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TYPICAL CONVENTIONAL PHASE-LOCKED ANGLE MODULATOR 



s = the Laplace-transform complex frequency 
Btfs) = reference phase, rad 
Q 0 (s) = output phase, rad 
q m(s) = output phase modulation, rad 
Qy(s) = output frequency modulation, rad/s 


MODIFIED PHASE-LOCKED ANGLE MODULATOR 



K d = phase detector gain, volts/rad 

K 0 = gain constant of voltage-controlled oscillator. rad/(s«V) 
F(s) = transfer function of loop filter 
P(s), 0(s) = transfer functions of modulation filters 
Vf/s) = input modulating signal, volts 


In the Modified Phase-Locked Angie Modulator, the modulating signal is applied at two points instead of at one point as it is in 
the conventional version. The wideband phase and frequency modulators are examples of the modified phase-locked angle modulator. 
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What Are People Saying 
About the Biggest 
Advance in Recorders 
Since the 1960’s? 



Plug a hard drive directly into the 
Mark 1 2’s optional SCSI port and 
stream data to it in real-time. Plug 
in any PC type keyboard and enter 
text as fast as you can type. 
Imagine... 

Video. Harddisks. Keyboards... 
Hey — this is a recorder ? 


new concept in hard- 
copy recording we call a Data 
Management System. 

Designed and built right here in 
the USA with a two-year warranty. 
Only from Western Graphtec. Give 
us a call toll-free and let us send a 
brochure or show you in person. 
And start practicing saying “WOW." 


Wow. Not a very precise term, 
but accurate. You see, 
nothing else conveys the 
feeling you get from the new 
Mark 12 Data Management 
System from the leader in 
Arraycorders, Western 
Graphtec. Just imagine. . . 


32 channels of raw recording 
power, each with an event 
marker, and printed input 
readings, input label, and 128 
characters of text. A separate 
1 6-bit A/D converter sampling 
each channel at a blazing 200 
kHz. Imagine... 


A built-in video display... so 
you don't have to run the 
chart unless you want to. 
An optional video output 
for driving an external 
monitor anywhere. 
Point-and-click 
simplicity with our graphical 
interface and jog-wheel. 
Imagine... 


Design your own charts and grids, 
with virtually any mix of channel 
sizes and types. Imagine. . . 


A single 400 dpi array that 
eliminates the data gap suffered by 
300 dpi dual-printhead recorders. 
Imagine... 



GRRPHTEC 


WESTERN GRRPHTEC, INC. 

1 1 Vanderbilt • Irvine • CA • 92718-2067 
Toll-free Telephone: (800) 854-8385 
(714)770-6010 • Fax:(714)855-0895 
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Ask about our comprehensive line of portable Arraycorders, with models from 1 to 16 
channels. From left: WR7400, WR7800, WR7700, and new WR8000 16-channel. 


■ London ■ Hamburg ■ Yokohama ■ California ■ Australia ■ Milan ■ Paris 





The Multiaperture Spectrometer would produce parallel line images, each of which would 
be a highly spectrally resolved display of intensity vs. wavelength in the wavelength band of 
one of the orders of the spectrum produced by the grating. 


ever, each grating acts as a partial polar- 
izer, and therefore the two crossed gratings 
in a cross-dispersing spectrometer act 
partly like cross-polarizers, blocking much 
of the light that is needed to display the 
spectrum. In addition, the various orders 
of the spectrum in the output of a cross- 
dispersing spectrometer are not parallel. 

The proposed multiaperture spectrom- 
eter (see figure) would use the available 
light more efficiently and display the vari- 
ous orders of the spectrum parallel to each 
other. To ensure that each entrance slit is 
illuminated by the same scene, the en- 
trance pupil of the telescope that supplies 
the light to be analyzed would be made 
oversized and reimaged onto the plane of 
the entrance slits of the spectrometer. In- 
asmuch as the entrance pupil of the tele- 
scope and the entrance slits would be 
located at conjugate points with respect 
to each other, spectral-order-sorting band- 
pass filters could be placed at either loca- 
tion. Thus, the entrance aperture of the 
telescope would, in effect, be made imo 


a series of apertures, each with its own 
filter. 

This work was done by Rudolf A. 
Schindler, Robert J. Pagano, and Fred G. 


O’Callaghan of Caltech for NASA’s Jet 
Propulsion Laboratory For further infor- 
mation, Circle 83 on the TSP Request 
Card NPO-18011 


Script-Factor Modeling of Absorption in a Solar Receiver 

The script-factor formalism for gray-body thermal radiation is extended to sunlight. 


NASA’s Jet Propulsion Laboratory, Pasadena, California 


A method for the mathematical model- 
ing of the reflection and absorption of solar 


radiation in a solar-energy receiver is derived 
by extending the gray-body script-factor 





METER 


For Fast, Accurate Measurement 
of Extremely Low Frequency. 
Magnetic Fields 

Magnetic Fields in the 50 or 60 Hz 
ranges, generated by hundreds of 
sources in today’s industrialized 
environment, are being looked at 
more and more as possible health 
hazards. The model 4060 provides 
instant measurement of these fields, 
in milligauss or gauss, merely by 
flicking a switch. Designed for 
measuring both household and 
industrial sources. Priced under 
$180, 

Measures fields generated by: 

• Power T ransmission Lines 

• Microwave Ovens 

• Televisions • Computers 

• Electric Machinery 

• Dozens of other Sources fle(?ues , mdata today! 

6120 Hanging Moss Road 
Orlando, FL 32807 
ELF Hotline: 407-678-7308 




method to the solar spectrum. The gray- 
body script-factor method is well estab- 
lished and is used conventionally to com- 
pute the infrared-radiation couplings among 
nodes of a solar receiver. 

In the conventional gray-body script-fac- 
tor method, each node is treated as a gray 
body (meaning that its absorptivity is as- 
sumed to equal its emissivity) with respect 
to the infrared portion of the electromag- 
netic spectrum, and the net rate of transfer 
of heat from node / to node j is given by 

Oil = MiVi-Bj) 

where B k = oT k A denotes the infrared flux 
density that node k would emit if it were 
a perfectly black body at absolute tem- 
perature T, o is the Stefan-Boltzmann con- 
stant, A, is the area of the / th node, and 
} rj is the script factor, which summarizes 
the effects of all reflections within the cavi- 
ty upon the radiative transfer of heat be- 
tween nodes / and /. 

When solar radiation from a solar con- 
centrator enters a receiver cavity, it un- 
dergoes multiple reflections within the 
cavity. It is necessary to compute the net 
solar power absorbed by each node, ac- 
counting for all internode reflections, in 
order to analyze the thermal conditions 
within the receiver in detail. The script- 
factor method is particularly well suited to 
this purpose. In extending this method to 
the incoming and reflected solar radiation 
(which has a spectrum different from that 
of the infrared gray-body radiation), one 
makes an analogy between the reflections 
of solar radiation and the reflections of in- 
frared gray-body radiation. 
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One of our new digital data 
recoiders can read" War and Peace” 
in three quarters ofaseoond 
And tnats the slow one* 



The Sony DIR-IOOO 
Up to 256 Mbps data rate. 
100 GBytes of storage. 


Introducing a line of digital data recorders designed to make 
large volumes of information easier to digest. The Sony DIR Series. 

These high-speed, high-density recorders offer a range of 
selectable data rates: The DIR-1000L works from 8 to 64 Mbps. 
The DIR-1000M from 16 to 128 Mbps. And the DIR-1000, our fast- 
est, from 10.7 to 256 Mbps. 

But whatever data rate suits your needs, any Dl R Series 
recorder can store almost 100 GBytes of information on a stand- 
ard cassette. 

They also utilize the ANSI ID-1 rotary head recording format. 


So they can offer time-based data expansion and contraction, and 
even a bit error rate of 1 xIO- 10 . Plus, they’re compact and cassette- 
based. Which means easier data handling and storage, and better 
tape protection than open-reel machines. 

Best of all, the DIR Series is designed and built by Sony, the 
acknowledged leader in digital technology. 

To learn more about how the Sony DIR Series makes high- 
speed, high-density data recording a reality, call us at 1-800-328- 
SONY, ext 970. After all, 
we wrote the book on it. 


Sony Business and Professional Group. 3 Paragon Drive. Montvale. NJ 07645-1735 
©1991 Sony Corporation of America Sony is a trademark of Sony 


BUSINESS AND PROFESSIONAL GROUP 


Let the flux density of solar radiation in- 
itially incident on node / be denoted as S,. 
Let ctj' €,, and p : = denote the 
solar absorptivity, infrared emissivity, and 
solar reflectivity of node / , respectively. The 
initially reflected flux, S^p,, is the imaginary 
solar “emission" of this node. Assuming 
that node / behaves as a gray body with 
respect to the solar spectrum and that it 
reflects solar radiation diffusely, one can 
model the solar flux density reflected from 
node / as solar gray-body radiation charac- 
terized by an effective solar black-body flux 
density 


S,pJoij 

The script factor 3 s for the solar spec- 
trum is computed by the same method 
used to compute J /; for the infrared spec- 
trum, except that the solar absorptivity, oc r 
is used in place of the infrared emissivity. 

Then the net solar power transferred 
from node / to all other nodes by numerous 
reflections among all the nodes is given by 

°retu = (Bi,s-Bj,s)l iU 

i 

A heat balance on a given node implies 


that the total solar power absorbed by that 
node is simply the difference between the 
solar power initially incident on that node 
(from the concentrator) and the net solar 
power transferred from that node to all 
other nodes. Therefore, the net solar power 
absorbed by node / is given by 

®abs. i ~ A, $j ~ O ref i j 

This \ Mark was done by Pradeep Bhandari 
of Caltech for NASA's Jet Propulsion 
Laboratory For further information, Cir- 
cle 102 on the TSP Request Card. 
NPO-18018 


Books and Reports 

These reports, studies, handbooks are avail- 
able from NASA as Technical Support Pack- 
ages (TSP's) when a Request Card number 
is cited: otherwise they are available from the 
National Technical Information Service 

Spacebome 
Microwave Imagers 

Principles and practices 
are described. 

A monograph presents a comprehen- 
sive overview of the science and tech- 
nology of spaceborne microwave-imaging 
systems. Microwave imagers are used as 
versatile orbiting, remote-sensing systems 


to investigate the atmospheres and sur- 
faces of planets. For example, they can 
detect surface objects through canopies 
of clouds, measure distributions of rain- 
drops in the clouds that their views pene- 
trate, find meandering rivers in rain forests 
and underground water in arid regions, and 
provide information on ocean currents, 
wakes, ice/water boundaries, aircraft, 
ships, buoys, and bridges. 

The document begins by presenting 
general background information on the 
nature and capabilities of spaceborne mi- 
crowave imagers. This is followed by a 
general description of microwave-imaging 
equipment, with emphasis on antennas, 
scanning mechanisms, and receivers. The 


geometrical and functional relationships 
between an orbiting imager and the scene 
under observation, and the use of both 
horizontally and vertically polarized micro- 
wave radiation are discussed. 

The equations that describe the ra- 
diative transfer of power are derived from 
basic physical principles. The thermody- 
namic temperature (an effective micro- 
wave-brightness temperature of the scene 
viewed by the microwave imager, and dis- 
tinguished from the thermometric temper- 
ature, which would be measured by a ther- 
mometer in contact with an object in the 
scene) is expressed in closed form as a 
sum of cosmic, surface, and upwelling 
contributions. The equivalence between 
microwave power and thermodynamic 
temperature is established. The laws of 
thermodynamics are then applied to show 
the directions and amounts of flow of mi- 
crowave energy among multiple bodies. 

Examples are presented to illustrate the 
detection of such surface features as emit- 
ting (warm) objects, cold objects, and 
metal objects (which stand out in micro- 
wave scenes because their high electrical 
conductivities alter radiation patterns). The 
bistatic (forward- and back-scattering) cross 
sections of aircraft, ships, and metal buoys 
are discussed, with descriptions of a 
mathematical model, calculations, and the 
underlying theory. Examples of the detec- 
tion of ships, aircraft, and buoys in images 
produced by orbiting microwave radiom- 
eters are presented, along with computed 
signal-to-clutter ratios for these objects. 

The main text concludes with a general 
discussion of concepts of spaceborne mi- 
crowave imagers. Examples of existing 
and contemplated planetary imagers are 
presented. Principal elements of micro- 
wave technology that are essential for 
remote sensing of the surfaces and at- 
mospheres of planets are identified. 

This work was done by J. M. Stacey of 
Caltech for NASA’s Jet Propulsion Lab- 
oratory. To obtain a copy of the report, 
“ Spaceborne Microwave Imagers — Prin- 
ciples and Practices Circle 30 on the TSP 
Request Card. 

NPO-17094 


THE MODGRAPH PORTABLE PERSONAL WORKSTATIONS 



• 386 and 486 Models • 9” Trinitron Color Multi-Sync CRT 

• 800x600 Resolution, 256 Colors • 2-4 16-Bit Expansion Slots 

• Two Serial Ports, One Parallel Port • 40-340 MB Hard Disk Drives 

• 2-32 MB of RAM • External Super-VGA Monitor Port 

• 5.25” 1.2MB & 3.5" 1.44MB Diskette Drives 
All the power and features of a high resolution, high powered desktop 
workstation are built into these true portables. No other portable offers this 
combination of color, resolution, power, and expandability. All built into 
the smallest, lightest CRT portable available today. 

Call Toll-Free 1-800-327-9962 for further information. 

83 Second Avenue i iMndaraflh TEL (617)229-4800 

Burlington, MA 01803 WBVP **=* * **•"■ FAX (617) 272-3062 

Dealer/OEM/VAR Inquiries Invited 
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INSTRUMENTATION 
DATA COLLECTION 
AT ITS VERY 

DATATAPE’s 19mm cassette tape recorder 
was developed to satisfy today’s need to 
store massive amounts of technical data for 
analysis. Being a world leader in data col- 
lection, DATATAPE’s recorders have taken a 
leading role in space, flight test, in hostile 
environments on land, and at sea. Our 
DCTR-LP Series of recorders are 19mm 
based, conforming to the ANSI (American 
National Standard Institute) format specifi- 
cation for ID-1 as specified in ANS X3.175 
-1990, or MIL-STD-2179A. D-1 cassettes are 
available in three sizes (S, M and L), allow- 
ing you to efficiently and economically use 
the DCTR-LP Series for a wide range of 
applications. The DCTR-LP Series records 
over a continuously variable 8:1 input range 
from 25 to 400 Mbits/sec. There are four 
user defined reproduce rates over the 8:1 
range to ensure maximum data handling 
capability. EDAC is utilized to provide Bit 
Error Rates of 1 x 10 10 or better. 

• Two Auxiliary Data Channels 

• Read After Write Capability 

• Load Thread Time — seconds 

• Shuttle Speed - 300 in/s 

• Record Time - 33 minutes at 400 Mbit/s 

• Optional Variable Buffer provides for 
operation from zero to maximum data rate. 




360 Sierra Madre Villa, Pasadena, CA. 91109-7014 
For information on Data Collection Systems and 
Magnetic Head Replacements call (818) 796-9381 


DATATAPE 

INCORPORATED 

A KODAK COMPANY ■ — 
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Imide/Arylene Ether Copolymers 

Films cast from solution are tough and flexible, and exhibit useful thermal and mechanical properties. 
Langley Research Center, Hampton, Virginia 



Imide/Arylene Ether Block Copolymers are synthesized by reacting anhydride-terminated 
poly(amic acids) with amine-terminated poly(arylene ethers) in polar aprotic solvents. 


New imide/arylene ether copolymers 
have been prepared by reacting anhydride- 
terminated poly(amic acids) with amine- 
terminated poly(arylene ethers) in polar 
aprotic solvents. Each resulting copolymer 
may have one glass-transition temperature 
or two, depending on the chemical struc- 
ture and/or compatibility of the block units. 
Most of the copolymers form tough, sol- 
vent-resistant films with high tensile prop- 
erties. 

Rolyimides are condensation polymers 
commonly synthesized by the reaction of 
aromatic dianhydrides with aromatic dia- 
mines. The intermediate poly(amic acids) 
are either thermally or chemically cyclo- 
dehydrated to form the polyimides. Whol- 
ly aromatic linear polyimides are known 
for their exceptional thermal, thermo-oxi- 
dative, and chemical resistance, but are 
generally difficult to process as structural 
adhesives or composite matrices. Several 
polyimides are commercially available as 
films, moldings, adhesives, and composite 
matrices. 

Roly(arylene ethers) are condensation 
polymers commonly synthesized by nu- 
cleophilic displacement of activated aro- 
matic halides in polar aprotic solvents by 
alkali metal phenates. Fbly(arylene ethers) 
are known for their good mechanical prop- 
erties, good thermo-oxidative stabilities, rel- 
ative ease of processing, and solubility in 
common organic solvents. Several poly(ar- 
ylene ethers) are commercially available 
and are used as films, moldings, adhe- 
sives, and composite matrices. 

In an attempt to take advantage of the 
attractive features of both types of poly- 
mers, a series of block copolymers that 
contain polyimide and poly(arylene ether) 
segments were synthesized. A wide varie- 
ty of imide and arylene ether repeat units 
can be used to yield copolymers with spe- 
cific desired properties. Furthermore, the 
length of the blocks, for both the imide and 
the arylene ether, is easily controlled. By 
varying the length of the blocks, one can 
alter the properties of the copolymer to 
produce materials with the desired physi- 
cal and mechanical properties. 

The imide/arylene ether copolymers 
were synthesized from the reaction of an- 
hydride-terminated poly(amic acids) and 
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amine-terminated poly(arylene ethers). 
After curing, the resulting block copoly- 
mers had glass-transition temperatures 
from 165 °C to 270 °C. Some had two 
glass transitions, corresponding to the 
arylene ether segment and to the imide 
segment, indicating a phase separation in 
the films due to incompatibility of block 
segments of higher molecular weight. So- 
lution-cast, unoriented films of the copoly- 
mers were tough and flexible with tensile 
strength, tensile moduli, and elongation at 
break up to 16,200 psi (112 MPa), 431,000 
psi (2.97 GPa), and 23 percent, respective- 
ly, at 25 °C. Depending on the glass-tran- 
sition temperatures of the arylene ether 
segments, some block copolymers main- 
tained good mechanical properties at 
177 °C. 

The general reaction sequence for the 
block copolymers is represented by the 
equation shown in the figure, wherein PAA 
represents a poly(amic acid) synthesized 
by reacting excess dianhydride with a dia- 
mine, and PAE represents a poly(arylene 
ether) synthesized by reacting an activated 
aromatic dihalide with a bisphenol. The 
solvent for copolymer preparation is pre- 


ferably N.N-dimethylacetamide, but can be 
N-methylpyrrolidinone, m-cresol, N,N- 
dimethylformamide, dimethyl sulfoxide, or 
any of such ether solvents as diglyme. Cy- 
clodehydration is accomplished chemically 
or by heating the intermediate poly(amic 
acid) at temperatures exceeding 150 °C. 

Films were prepared from the new co- 
polymers and found to have useful ther- 
mal and mechanical properties. The new 
materials are potentially useful as films, 
moldings, adhesives, or composite ma- 
trices. Because of the flexible arylene 
ether blocks, these copolymers are easier 
to process than polyimides are. 

This work was done by Brian J. Jensen 
and Paul M. Hergenrother of Langley 
Research Center and Robert G. Bass of 
Virginia Commonwealth University. For fur- 
ther information, Circle 130 on the TSP Re- 
quest Card. 

This invention is owned by NASA, and 
a patent application has been filed. In- 
quiries concerning nonexclusive or ex- 
clusive license for its commercial develop- 
ment should be addressed to the Patent 
Counsel, Langley Research Center [see 
page 20]. Refer to LAR-14159. 
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How To Stop Corrosion 
Before It Gets Started: 
Call Inco Alloys International. 


It's no accident what happens 
to your equipment whenever 
corrosion hits it. Once it gets 
started it's tough to stop. But we 
have the key: the high perform- 
ance alloys we’ve developed to 
resist corrosion before it ever gets 
going. The MONEL,* INCONEL,* 
INCOLOY* and INCO* alloys. 

No matter how difficult the 
environment your particular 
application is in, we can help 
you select the most cost-effective 
alloy to meet your needs. Acids, 


alkalies, or salts? Our alloys 
can handle them. Pitting, stress- 
corrosion cracking, high-temper- 
ature corrosion? We have the 
products that will do the job. 
All available in the complete 
range of standard mill forms. 
And all with the proven ability 
to stop corrosion from running 
up costs in repair, replacement, 
and downtime. 

If you want to know more 
about our high-performance 
alloys and how they can help 


stop your corrosion problems, 
write for our free brochure. 
Inco Alloys International, Inc., 
Huntington, West Virginia 
25720. Or Fax us at 
(304)526-5441. 

•MONEL. INCONEL. INCOLOY, and INCO 
are trademarks of the Inco family of companies. 
Inco Alloys International Distributors in North 
America: Castle Metals, Metal Goods, Tubesales, 
Williams & Co., Atlas Alloys and Drummond 
McCall, Inc. 

Circle Reader Action No. 569 

INCO ALLOYS 
INTERNATIONAL 



Impregnating Coal With Calcium Carbonate 

Gasification and combustion would be enhanced, and sulfur would be bound in calcium sulfide. 


NASA’s Jet Propulsion Laboratory, Pasadena, California 


A relatively inexpensive process has 
been proposed for impregnating coal with 
calcium carbonate to increase the rates 
of gasification and combustion of the coal 
and to reduce the emission of sulfur by 
trapping the sulfur in calcium sulfide. The 
process, which would involve aqueous- 
phase reactions between carbon dioxide 
(C0 2 ) (contained within the pore network 
of the coal) and calcium acetate, would 
be more economical than were previous 
ones in which C0 2 was adsorbed in the 
coal by first evacuating the coal, then ex- 
posing the evacuated coal to C0 2 at or 
near atmospheric pressure. In the new proc- 
ess, the coal would be impregnated with 
C0 2 by exposing it to C0 2 at high pressure. 

The individual reactions and the overall 
reaction for the impregnation of the coal 
by calcium carbonate are represented by 
the following equations: 

H 2 0 + Ca(C 2 H 3 0 2 ) 2 + C0 2 — - 
(calcium acetate) 

Ca(X> 3 +2C 2 H 3 0 2 H 
(calcium (acetic 
carbonate) acid) 


When you're a 

millimt mIIac Chaim 
RVIIIIWII Nil 1^79) ■ i^WH 

home, you need 
materials you can 
counton ... 

^.which is why Elgiloy® is the alloy 
of choice in a variety of aerospace 
applications. 

But did you know we also offer over 
40 nickel-based alloys in strip and 
wire? While we believe Elgiloy® is 
the answer to many needs, we also 
realize the importance of matching 
the right material to your specific 
requirements. 

Call for a brochure with a complete listing of 
the alloys we offer. 

Exceptional Properties of Elgiloy: 

♦ High Strength ♦ Corrosion Resistant 
♦ Excellent Fatigue Life ♦ Non-Magnetic 
♦ Performs in Temperatures Ranging 
from -300° F to 850° F 



ELGILOY® LIMITED PARTNERSHIP 
1 565 Fleetwood Drive Elgin, IL 601 23 708/695-1900 


version. In the third version, either the raw 
coal or the coal heated as in the second 
version would be pulse-pressurized with 
C0 2 in a rapid sequence of pressurization 
and depressurization to replace water and 
preadsorbed gases with C0 2 prior to im- 
pregnation with calcium carbonate. In the 
fourth version, the raw or preheated coal 
would be pretreated for a short time with 
saturated calcium hydroxide solution. The 
pretreated coal would then be pressurized 
with C0 2 and treated with the calcium 
acetate solution and Ca(OH) 2 as in the 
other versions. 

This work was done by Pramod K. 
Sharma, Gerald E. Voecks, and George R. 
Gavalas of Caltech for NASA’s Jet Propul- 
sion Laboratory. For further information, 
Circle 61 on the TSP Request Card. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title 
to this invention. Inquiries concerning 
rights for its commercial use should be 
addressed to 
Edward Ansell 

Director of Patents and Licensing 
Mail Stop 305-6 

California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 

Refer to NPO-17696, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 



Calcium Acetate 


Coal Would Be Impregnated With Calcium Carbonate by pres- 
surizing it with carbon dioxide, then treating it in a slurry of calcium 
hydroxide in an aqueous solution of calcium acetate. 


2C 2 H 3 0 2 H+Ca(0H) 2 — - 
(calcium 
hydroxide) 

Ca(C 2 H 3 0 2 ) 2 +2H 2 0 
Ca(OH) 2 +C0 2 — - CaC0 3 + H 2 0 

As the equations show, the calcium ace- 
tate consumed in the first reaction would 
be replenished in the second reaction. 
Consequently, the process would consume 
relatively cheap calcium hydroxide instead 
of relatively expensive calcium acetate. 

Four versions of the process have been 
proposed. In the first version (see figure), 
the raw coal would be placed in a chamber 
filled with C0 2 at a pressure of 2, 5, or 10 
atm (about 0.2, 0.5, or 1.0 MPa). The coal 
would then be depressurized and quickly 
placed in contact with a slurry consisting 
of Ca(OH) 2 suspended in an aqueous solu- 
tion of calcium acetate. In the second ver- 
sion of the process, the coal would be 
pretreated by heating it to 50 °C for 24 h 
to remove moisture, which would otherwise 
interfere with the adsorption of C0 2 . The 
coal would then be treated as in the first 
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Computer Programs 


48 Estimating Rain Attenuation in Satellite Communication Links 
48 Neural-Network Simulator 
52 Program Processes SAR Data 
52 Calculating Thermophysical Properties of 12 Fluids 
52 Program Calibrates Strain Gauges 

54 Integrated Analysis Capability Program 

55 Library of Subprograms in FORTRAN 77 

55 Software for Depiction of Three-Dimensional Objects 

56 Aid for Simulating Digital Flight Control Systems 

56 Software for Simulation of Development of Software 

56 Tracing and Control of Engineering Requirements 

57 Software-Design-Analyzer System 
57 Numerical-Optimization Program 


COSMIC: Transferring NASA Software 

COSMIC, NASA’s Computer Software Manage- 
ment and Information Center, distributes software 
developed with NASA funding to industry, other 
government agencies and academia. 

COSMIC's inventory is updated regularly; new 
programs are reported in Tech Briefs. For additional 
information on any of the programs described here, 
circle the appropriate TSP number. 

If you don’t find a program in this issue that meets 
your needs, call COSMIC directly for a free review of 


programs in your area of interest. You can also 
purchase the annual COSMIC Software Catalog, 
containing descriptions and ordering information for 
available software. 

COSMIC is part of NASA's Technology Utiliza- 
tion Network. 


COSMIC* John A Gibson, Director, 

Phone (404) 542-3265 ; FAX (404) 542-4807 
The University of Georgia, 382 East Broad Street, 
Athens, Georgia 30602 


Computer Programs 

These programs may be obtained at a very 
reasonable cost from COSMIC, a facility spon- 
sored by NASA to make computer programs 
available to the public. For information on 
program price, size, and availability, circle the 
reference number on the TSP and COSMIC 
Request Card in this issue. 


Electronic Systems 


Estimating Rain 
Attenuation in Satellite 
Communication Links 

Attenuation is computed with 
the help of a statistical model 
and meteorological data. 

The frequency and intensity of rain at- 
tenuation on the communication between 
a satellite and an Earth terminal are im- 
portant factors in the design of a satellite 
communication link. The NASA Lewis Re- 
search Center Satellite Link Attenuation 
Model (SLAM) program is a QuickBASIC 
computer program that evaluates the static 
and dynamic statistical assessment of the 
impact of rain attenuation on a communi- 
cation link established between an Earth 
terminal and a geosynchronous satellite. 
This program will find application in the 
specification, design, and assessment of 
satellite communication links for any ter- 
minal location in the continental United 
States. SLAM is designed for use on IBM 
personal computers and compatibles 
with monitors capable of supporting an 
80-column format and associated printers. 

The basis for SLAM is the ACTS Rain 
Attenuation Prediction Model, which uses 
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a log-normal cumulative probability dis- 
tribution to describe the random process 
of rain attenuation on satellite links. The 
derivation of the statistics for the rain-rate 
process at the location of interest relies 
on long-term rainfall records compiled by 
the U.S. Weather Service during intervals 
as long as 55 years. The theory of extreme- 
value statistics is also utilized. 

The information needed by the user to 
implement this program is (1) the longitude 
of the satellite in geosynchronous orbit, (2) 
the position of the Earth terminal in terms 
of latitude and longitude, (3) the height of 
the terminal above sea level, (4) the year- 
ly average rainfall at the terminal site, and 
(5) the operating frequency of the com- 
munication link between the satellite and 
Earth terminal (this frequency must be 
within the range from 1 to 1,000 GHz, in- 
clusive). On the basis of the location of the 
terminal (which can be anywhere within 
the continental United States) and the year- 
ly average rainfall at the location, SLAM cal- 
culates the relevant prevailing rain sta- 
tistics for the site by use of an internal data 
base. 

The program then generates the data 
concerning the occurrence of rain attenua- 
tion on the satellite link. These data include 

(1) the three parameters that are needed 
to characterize the log-normal probability 
density function that is taken to describe 
the static (i.e., yearly) attenuation process, 

(2) an evaluation of the cumulative proba- 
bility distribution that is derived from such 
a density function for selected link attenua- 
tions, and (3) an evaluation of the probabili- 
ty of the occurrence of selected durations 
of fades below selected fade depths. In ad- 
dition, SLAM calculates the elevation and 
azimuth angles of the terminal antenna re- 
quired to establish a link with the satellite, 
the statistical parameters that characterize 


the rain-rate process at the terminal site 
(also described as a log-normal process), 
the length of the propagation path within 
the potential rain region, and the projected 
length of this path onto the local horizon- 
tal. A user-support mailing address and 
telephone number are given in the accom- 
panying document. 

SLAM was implemented on an IBM PC 
with the MS-DOS 3.21 operating system. 
The program is written in Microsoft Quick- 
BASIC and has a memory requirement of 
about 30K bytes. An executable code is 
provided. SLAM was developed in 1989. 

This program was written by R. M. Man- 
ning of Lewis Research Center For fur- 
ther information, Circle 84 on the TSP Re- 
quest Card. LEW-14979 

Neural-Network Simulator 

The F77NNS program 
implements a back- 
propagation algorithm. 

The F77NNS (A FORTRAN-77 Neural 
Network Simulator) computer program sim- 
ulates the popular back-error-propagation 
neural network. Written in ANSI-77 FOR- 
TRAN, F77NNS is designed to take advan- 
tage of vectorization when used on com- 
puters that have this capability, but it can 
also be used on any computer equipped 
with an ANSI-77 FORTRAN Compiler. Prob- 
lems that involve the matching of patterns 
or the mathematical modeling of systems 
readily fit the class of problems that 
F77NNS is designed to solve. 

An artificial neural network is formed 
from hundreds or thousands of simulated 
neurons connected to each other in a 
manner similar to that of biological nerve 
cells. Typically, the nodes of a network are 
grouped together into clumps called lay- 
ers. A typical network includes an input 
layer through which the various environ- 
mental stimuli are presented to it, and an 
output layer that determines the response 
to the stimuli. The number of nodes in 
these two layers is usually tied to features 
of the problem being solved. Other layers, 
which form intermediate stops between 
the input and output layers, are called hid- 
den layers. 

The program trains a neural network by 
use of Rumelhart’s back-propagation al- 
gorithm. The back-propagation training al- 
gorithm can require massive computa- 
tional resources when applied to a large 
network like one capable of learning text- 
to-phoneme pronunciation rules as in the 
famous Sehnowski experiment. (The 
Sehnowski neural network learns to pro- 
nounce 1,000 common English words.) 
The standard input data define the specific 
inputs that control the type of run to be 
made, and input files define the neural net- 
work in terms of the layers and nodes, as 
well as the input/output (I/O) pairs. 
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The program has a restart capability so 
that a neural network can be solved in 
stages suitable to the user’s resources and 
desires. F77NNS enables the user to cus- 
tomize the patterns of connections be- 
tween layers of a network. The size of the 
neural network to which F77NNS can be 
applied is limited only by the amount of 
random-access memory available to the 
user. The program has a memory require- 
ment of about 900 KB and was developed 
in 1989. 

This program was written by Paul H. 
Mitchell of Johnson Space Center For 

further information, Circle 123 on the TSP 
Request Card MSC-21638 



Program Processes 
SAR Data 

The MacMultiview 
program computes 
polarimetric and 
other images. 

MacMultiview is an interactive software 
tool for the Macintosh II family of comput- 
ers that enables one to display, and make 
computations that use, polarimetric radar 
data collected by the Jet Propulsion Lab- 
oratory’s imaging SAR (synthetic-aperture 
radar) polarimeter system. The system in- 
cludes the single-frequency L-band sen- 
sor mounted on the NASA CV990 aircraft 
and its replacement, the multifrequency 
P-, L-, and C-band sensors mounted on the 
NASA DC-8 airplane. 

MacMultiview provides two basic func- 
tions: synthesis of polarimetric images and 
computation of polarization signatures. 
The radar data can be used to compute 
a variety of images. The total-power im- 
age displays the sum of the polarized and 
unpolarized components of the backscat- 
ter for each picture element. The magni- 
tude/phase-difference image displays the 
difference between the phases of the HH 
(horizontal transmitting and horizontal re- 
ceiving polarization) signals and the VV 
(vertical transmitting and vertical receiv- 
ing polarization) signals by use of color. 
Magnitude is displayed as intensity. The 
user may also select any combination of 
transmitting and receiving polarizations 
from which an image is synthesized. This 
image displays the backscatter that would 
have been observed, had the sensor been 
configured to use the selected transmit- 
ting and receiving polarizations. 

MacMultiview can also be used to com- 
pute polarization signatures, which are 
three-dimensional plots of backscatter ver- 
sus transmitting and receiving polar- 
izations. The standard copolarization 


signatures (transmitting and receiving 
polarizations the same) and cross- 
polarization signatures (transmitting and 
receiving polarizations orthogonal) can be 
plotted for any rectangular subset of pic- 
ture elements within a set of radar data. 
In addition, the ratio of copolarization and 
cross-polarization signatures computed 
from different subsets within the same set 
of data can also be computed. 

Computed images can be saved in a 
variety of formats: byte format (headerless 
format, which saves the image as a string 
of byte values), MacMultiview (a byte im- 
age preceded by an ASCII header), and 
PICT2 format (standard format readable by 
MacMultiview and other image-processing 
programs for the Macintosh computer). Im- 
ages can also be printed on FbstScript out- 
put devices. 

Polarization signatures can be saved in 
either a PICT format or a text file contain- 
ing PostScript commands and can be 
printed on any QuickDraw output device. 
The associated Stokes matrices can be 
stored in a text file. 

The only computers on which Mac- 
Multiview can be executed are those of 
the Macintosh II family that are equipped 
with 8-bit video (gray shades or color). The 
program also requires a minimum con- 
figuration of System 6.0, Finder 6.1, and 
1 megabyte of memory. Macintosh Pro- 
grammer’s Workshop and Macintosh Pro- 
grammer’s Workshop C (version 3.0) are 
required for recompiling and relinking. The 
program is written in C and was developed 
in 1989. 

This program was written by Lynne 
Norikane and Howard Zebker of Caltech 

for NASA’s Jet Propulsion Laboratory. 

For further information, Circle 108 on the 
TSP Request Card NPO18048 

Calculating Thermophysical 
Properties of 12 Fluids 

Properties are expressed 
via equations of state. 

Ml PROPS is a set of computer pro- 
grams that gives the thermophysical and 
transport properties of selected fluids. 
Although these programs are written in 
FORTRAN 77 for implementation on mi- 
crocomputers, they are direct translations 
of interactive FORTRAN IV programs that 
were originally developed for large main- 
frame computers. MIPROPS calculates 
the properties of fluids in both the liquid 
and vapor states over a wide range of 
temperatures and pressures. The fluids in- 
cluded are helium, hydrogen, nitrogen, ox- 
ygen, argon, nitrogen trifluoride, methane, 
ethylene, ethane, propane, isobutane, and 
normal butane. 

All of the programs except the helium 
program incorporate the same equation of 
state. A separate program was necessary 


for helium, as the mathematical model for 
the thermodynamic surface of helium is 
of a different form. The input variables are 
any two of pressure, density, or temper- 
ature for the single-phase regions, and 
either pressure or temperature for the 
saturated-liquid or saturated-vapor states. 
The output is pressure, density, tempera- 
ture, internal energy, enthalpy, entropy, 
specific heat capacities, and speed of 
sound. In addition, viscosity, thermal con- 
ductivity, and dielectric constants are 
calculated for most of the fluids. The user 
can select efther a single point or a table 
of output values for a specified tempera- 
ture range, and can display the data in 
either engineering or metric units. 

This machine-independent FORTRAN 
77 program was implemented on an IBM 
PC XT computer with an MS-DOS 3.21 
operating system. It has a memory re- 
quirement of approximately 100K bytes. 
The program was developed in 1986. 

This program was written by T. F. Cleghorn 
and R. D. McCarty of Johnson Space 
Center. For further information, Circle 88 
on the TSP Request Card. 

MSC-21664 



Program Calibrates 
Strain Gauges 

Time required for acceptance 
tests of hardware is reduced. 

Strain data are required for the proces- 
sing of such pieces of aerospace hard- 
ware as the three bolts used to attach the 
external fuel tank to the Space Shuttle or- 
biter. The acquisition of these data has 
traditionally required a time-consuming 
and inefficient manual process that in- 
cludes setting up a strain-gauge indicator, 
reading and recording strain data, and 
tabulating and plotting strain data versus 
a load or other parameter. The time and 
personnel requirements of the traditional 
method led researchers to develop a com- 
puter program to increase the efficiency 
of the acceptance test performed on these 
bolts. 

The data-acquisition system reads the 
output from a Wheatstone full-bridge strain- 
gauge circuit and calculates strain by use 
of the shunt calibration technique. The pro- 
gram nearly instantaneously tabulates and 
plots strain data against load-cell outputs, 
thus saving hours of manual work per test 
run. The comparative speed and efficien- 
cy of this technique was empirically pro- 
ven by a calibration test of one of the ex- 
ternal-tank/orbiter attachment bolts. The 
use of the program dramatically reduced 
personnel and time requirements. Re- 
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F inally, get perform- 
ance, flexibility, and 
ease of use in a single 
data acquisition package. 
Without programming. 
Without compromising. 

Awaken your 386/486. 
VIEWDAC lets you ex- 
plore the full power of 
your 386/386SX/486. 
Become more productive 
with less effort. 

Acquire, analyze, and 
graph huge arrays. Run 
multiple acquisitions 
concurrently. Even set up 
new applications while 
running others. 
VIEWDAC's user- 
friendly windowing 
environment lets you do 
it all with ease. 

User power that's not 
just for the power user. 
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Integrated applications 
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acquisition tools: 

• Vary acquisition rates on any 
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tion of channels in the same 
application 

• Enjoy built-in specialized 
acquisition and control tasks 
(thermocouples, PID control, 
pulse output, etc.) 

• Use up to 20 acquisition 
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Key VIEWDAC 
analysis/graphics tools: 

• Time and frequency domain 
processing 

• Arbitrary wave form 
generation 

• Curve fitting 
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• Interactive graphics, 
including bar charts 

Be sure to ask about our other 
software products: ASYST™, 
ASYSTANT®, and EASYEST®. 
Thirty-day money-back 
guarantee on all Keithley Asyst 
software. 
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searchers verified the accuracy and in- 
tegrity of the program by comparing its 
output strain data to those of a calibrated 
strain-gauge indicator formerly used in the 
manual method. The program can also be 
modified to acquire strain data for other 
specimens wherever full-bridge strain- 
gauge circuits are used. 

The program was developed in 1985 on 
a Hewlett Packard 9845B Microcomputer. 
It is written in HP BASIC and is available 
as a listing only. 

This program was written by Gary D. 
Okazaki of Rockwell International Corp. for 

Johnson Space Center For further infor- 
mation, Circle 38 on the TSP Request 
Card. 

MSC-21399 

Integrated Analysis 
Capability Program 

This modular software system 
facilitates multidisciplinary 
analyses of structures 
and other systems. 

The Integrated Analysis Capability (IAC) 
software system is intended to provide a 
highly effective, interactive analysis tool for 
the integrated design of large structures. 
With the goal of supporting the unique 
needs of engineering analysis groups con- 
cerned with interdisciplinary problems, IAC 
was developed to serve as a software in- 
terface between computer programs from 
the fields of structures, thermodynamics, 
controls, and the dynamics of systems on 
the one hand and an executive software 
system and data base on the other hand 
to yield a highly efficient multi-disciplinary 
system. Special attention is given to such 
users’ requirements as handling data and 
online assistance with operational features 
and the ability to add new modules of the 
user’s choice at a future date. 

IAC contains an executive software sys- 
tem, a data base, general software utilities, 
interfaces to various engineering pro- 
grams, and a software framework for build- 
ing interfaces to other programs. IAC has 
shown itself to be effective in the auto- 
matic transfer of data among analysis 
programs. IAC 2.5, designed to be com- 
patible as far as possible with level 1.5, 
contains a major upgrade in executive and 
data-base management system capabili- 
ties and includes interfaces to enable an- 
alyses of thermal problems, structures, 
optics, and the dynamics of control inter- 
actions. 

The IAC software system is modular: (1) 
The executive module contains an input 
command processor, an extensive data- 
management system, and driver code to 
execute the application modules. (2) 
Technical modules provide “stand-alone’’ 
computational capability as well as sup- 
port for various solution paths or coupled 



analyses. (3) Graphics and model-genera- 
tion interfaces are supplied for building and 
viewing models. Advanced graphics cap- 
abilities are provided within such analysis 
modules as INCA and NASTRAN. (4) In- 
terface modules provide for the required 
flow of data between IAC and other 
modules. (5) User modules can be ar- 
bitrary executable programs or job-control- 
language procedures with no predefined 
relationship to IAC. (6) Special-purpose 
modules are included: for example, MIMIC 
(Model Integration via Mesh Interpolation 
Coefficients), which transforms field values 
from one model to another; LINK, which 
simplifies incorporation of user-specific 
modules into IAC modules; and DATAPAC, 
a statistical-analysis package of the Na- 
tional Institute of Standards and Tech- 
nology (formerly, the National Bureau of 
Standards). 

The IAC data base contains structured 
files that provide a common basis for com- 
munication between modules and the ex- 
ecutive system and can contain such un- 
structured files as NASTRAN checkpoint 
files, DISCOS plot files, object code, and 
the like. The user can define groups of data 
and relations between them. A full data- 
manipulation and query system operates 
with the data base. 

The current interface modules comprise 
five groups: 

1. Structural Analysis — IAC contains a 
NASTRAN interface for stand-alone anal- 
ysis or certain structural/control/thermal 
combinations. IAC provides enhanced 
structural capabilities for normal-vibra- 
tional-mode and static-deformation anal- 
ysis via special DMAP sequences. IAC 
2.5 contains several specialized inter- 
faces from NASTRAN in support of mul- 
tidisciplinary analysis. 

2. Thermal Analysis — IAC supports finite- 
element and finite-difference techniques 
for steady-state or transient analysis. 
There are interfaces for the NASTRAN 
thermal analyzer, SIN DA/SI NFUO, and 
TRASYS II. There is also an interface be- 
tween the IAC data base and FEMNET, 
which converts finite-element structural- 
analysis models to finite-difference ther- 
mal-analysis models. 

3. System Dynamics — There is a full inter- 
face between the IAC data-management 
capability and the DISCOS simulation 
program, which allows for either non- 
linear time-domain analysis or linear fre- 
quency-domain analysis. 

4. Control Analysis — Interfaces for the 
ORACLS, SAMSAN, NBOD2, and INCA 
programs provide for a wide range of 
techniques for the analysis and synthe- 
sis of control systems. Level 2.5 includes 
EIGEN, which provides the capability to 
obtain the eigenvalues of systems of 
large order, and BOPACE, which provides 
geometric capabilities and capabilities 
for finite-element analysis in the case of 
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a nonlinear material. Also included in IAC 
level 2.5 is SAMSAN 3.1, an engineering 
analysis program that contains a general- 
purpose library of over 600 subroutines 
for numerical analysis. 

5. Graphics — The graphics package 
IPLOT is included in IAC. IPL0T generates 
vector displays of tabular data in the form 
of curves, charts, correlation tables, and 
the like. Either DI3000 or PLOT-10 
graphics software is required for full 
graphic capability. 

In addition to these analysis software 
tools, IAC 2.5 contains an IGES interface, 
which enables the user to read arbitrary 
IGES files into an IAC data base and to 
edit and put out new IGES files. 

IAC is available by license for 10 years 
to approved U.S. licensees. The licensed 
program product includes one set of sup- 
porting documentation. Additional copies 
may be purchased separately. 

IAC is written in FORTRAN 77 and has 
been implemented on a DEC VAX-series 
computer operating under VMS. IAC can 
be executed by multiple concurrent users 
in batch or interactive mode. The program 
is structured to enable users to delete easi- 
ly those program capabilities and “how- 
to” examples they do not want, to reduce 
the size of the program. The basic central- 
memory requirement for IAC is approx- 
imately 750 KB. The following programs 
are also available from COSMIC as sepa- 
rate packages: NASTRAN, SIN DA/SIN FLO, 
TRASYS II, DISCOS, ORACLS, SAMSAN, 
NBOD2, and INCA. The development of 
level 2.5 of IAC was completed in 1989. 

This program was written by R. G. Vos, 
D. L Beste, and J. Greg, of Boeing Aero- 
space Corporation and H. P. Frisch of 
Goddard Space Flight Center. For fur- 
ther information, Circle 7 on the TSP Re- 


quest Card. 
GSC-13341 


Mathematics and 
information Sciences 


Library of Subprograms in 
FORTRAN 77 

Subprograms can be called 
upon as needed to perform 
specific computations. 

MATH77, Release 3.17, is a library of 
412 FORTRAN 77 subprograms for use in 
numerical computation. Researchers at 
the Jet Propulsion Laboratory developed 
the library to facilitate scientific and engi- 
neering computation. 

The wide variety of computers used to 
perform numerical computation in scien- 
tific laboratories requires a collection of 
mathematical subprograms that is porta- 
ble among a significant number of com- 
puting environments. The MATFI77 library 
provides this portability. Subprograms that 
provide machine and system characteristic 
parameters make the library operational on 
any computer system that supports the full 
FORTRAN 77 standard. The portability of 
the library and the high quality of its sub- 
programs and user’s manual make MATH 77 
an extremely versatile and valuable tool 
for all numerical computation applications. 

The library contains subprograms that 
perform such tasks as the computation of 
special functions, the generation of pseu- 
dorandom numbers, linear least-squares 


analysis, singular-value analysis, the solu- 
tion of equations, minimization, curve fit- 
ting, Hermite cubic interpolation, quadra- 
ture, ordinary differential equations, finding 
the roots of polynomials, fast Fourier trans- 
forms, special arithmetic propagating de- 
rivative values, basic statistics, and printer 
plotting. The library, demonstration drivers, 
and test drivers are stored in compressed 
form and are expandable with a program 
included in the package. 

MATH 77 was developed during 198Q-89. 
It is written in FORTRAN 77 and is suitable 
for use on any computer system that sup- 
ports the full FORTRAN 77 standard. The 
program and documentation are copy- 
righted products of the California Institute 
of Technology. 

This program was written by Charles L. 
Lawson, Fred T. Krogh, William Van 
Snyder, and Stella Y. Chiu of Caltech for 

NASA’s Jet Propulsion Laboratory For 

further information, Circle 119 on the TSP 
Request Card. NPO-18120 

Software for Depiction of 
Three-Dimensional Objects 

This program enables the 
user to build, manipulate, 
and display hierarchical 
three-dimensional objects. 

The use of hierarchy in a mathematical 
modeling environment is critical for effec- 
tive simulation of real objects. For a model 
that involves a combination of several 
moving parts, hierarchy is necessary to 
establish the network of dependent rela- 
tionships that govern the movements of 
the parts and the model as a whole. HME 
(the Hierarchical Modeling Environment) 
is a three-dimensional computer-graphics 
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software system designed to give the user 
complete access to the total hierarchical 
mathematical model. 

HME enables the user to build, manipu- 
late, and display hierarchical three-dimen- 
sional objects dynamically. The program 
also includes created polygons in the 
hierarchy. The window-oriented user inter- 
face enables the manipulation of objects 
by use of the mouse, windows, menus, 
buttons, and sliders. A hierarchy window 
depicts the hierarchy of the mathematical 
model environment. The user can point at 
any node on the hierarchy and use a 
powerful set of standard options to edit, 
copy, create, or save that portion of the 
hierarchical environment. With HME, it is 
easy to establish and edit the proper coor- 
dination of eye points, sources of light, and 
connectivity of the model necessary for 
accurate depiction of the model. 

HME is written in C language for Silicon 
Graphics IRIS workstations supporting the 
4Sight windowing software system and at 
least version 3.1 of the operating system. 
The program requires approximately 650 
KB of memory and was developed in 1989. 

This program was written by Frank 
Taylor and Debbi Boettger of McDonnell 
Douglas Corp. for Johnson Space 
Center For further information, Circle 93 
on the TSP Request Card. 

M SC-21 708 

Aid for Simulating Digital 
Flight Control Systems 

A computer program 
translates descriptions 
of systems into programs 
for simulation. 

The DIVERS translator is a computer pro- 
gram to convert descriptions of digital flight- 
control systems (DFCS) into a computer 
program written in the C language. DIVERS 
is language developed to represent design 
charts of DFCS. The DIVERS translator 
converts DIVERS source code into an easi- 
ly transportable language, while mini- 
mizing the probability that the results will 
be affected by the interpretation of the pro- 
grammer. The final translated program can 
be used as a standard of comparison to 
verify the operation of actual flight-control 
systems. DIVERS is applicable to the simu- 
lation of other control systems; for exam- 
ple, electrical circuits and logic processes. 

The DIVERS language is designed to cor- 
respond directly to DFCS diagrams. The 
keywords (filter, summer, limiter, etc.) cor- 
respond to physical components. The sig- 
nals (volts, flap elevation, temperature, 
time, etc.) are variables corresponding to 
lines that connect the components. The 
DIVERS keywords are subroutines imple- 
mented in C and stored in a dictionary and 
are defined by the user in terms of input 
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signals, outputs, and lists of parameters. 
This enables each component to be 
thoroughly tested and verified before being 
used in an actual system. The enforced 
modularity reduces the risk of program- 
mer-introduced errors. A list of parameters 
to each keyword can include constants 
and conditional expressions. 

Signals are declared in terms of units, 
maximum and minimum values, type (real, 
integer, Boolean), and computer-memory 
requirements. The DIVERS code is trans- 
lated into a C program that can be run with 
input signals from the terminal or an existing 
data file. The program cycles through a 
control system, prompting for input, and 
displaying all signals declared as “test vari- 
ables”. The user can alter a signal or retain 
its current value for the next cycle. 

The DCHART program is included in the 
DIVERS package. Its purpose is to read 
DIVERS source code and make a diagram 
of the data flowing between components. 
The output is used to compare the DIVERS 
specifications with the original DFCS 
chart. 

DIVERS is written in C for batch execu- 
tion and is available for two different com- 
puters. The DEC VAX version has been im- 
plemented on a VAX 11/780 computer 
operating under VMS 4.2. The UNIX ver- 
sion has been implemented on a DEC PDP 
11/60 with IS/1 UNIXand a central-memory 
requirement of approximately 99K. This 
program was developed in 1985. 

This program was written by Richard M. 
Hartman of Informatics, Inc., for Ames 
Research Center For further information, 
Circle 144 on the TSP Request Card. 
ARC-11710! ARC-11711 

Software for Simulation of 
Development of Software 

Personnel, resources, errors, 
and other realistic factors are 
represented in the simulation. 

SOFTREL is a prototype software pack- 
age that simulates creation, detection, and 
repair of defects and faults during a soft- 
ware-development project. The user initi- 
ates the process by entering the staff and 
resource schedules. The factors consid- 
ered in SOFTREL include (1) construction, 
integration, inspection, and correction of 
documentation; (2) construction, integra- 
tion, inspection, and correction of code; 
(3) preparation and conduct of tests; (4) 
identification and repair of faults; (5) valida- 
tion of repairs; and (6) retesting. Param- 
eters include rates of building of new, re- 
used, deleted, and added components of 
documentation and code; rates of genera- 
tion of defects; rates and adequacies of 
inspections; rates and adequacies of cor- 
rections; and adequacies of validations. 

SOFTREL is available in executable form 


only for the IBM PC under DOS 3.3 or high- 
er. The program was developed in 1990. 
SOFTREL is a copyrighted work with all 
copyright vested in NASA. 

This program was written by Robert C. 
Tausworthe of Caltech for NASA’s Jet 
Propulsion Laboratory For further infor- 
mation, Circle 26 on the TSP Request Card. 
NPO-18295 

Tracing and Control of 
Engineering Requirements 

Requirements and progress 
of an engineering project 
can be documented in 
systematic manner. 

TRACER (Tracing and Control of En- 
gineering Requirements) is a data-base/ 
word-processing software system created 
to document and maintain the order of 
both requirements and descriptions as- 
sociated with an engineering project. For 
a project, there is normally generated a 
set of hierarchical documents in which the 
requirements of the documents of higher 
level levy requirements on the documents 
of the same or lower level. Traditionally, the 
requirements have been handled almost 
entirely by manual paper methods. One 
disadvantage of a typical paper system is 
that requirements written and changed 
continuously in different areas lead to mis- 
understandings and noncompliance. 

The purpose of TRACER is to automate 
the capture, tracing, review, and manage- 
ment of requirements for an engineering 
project. The engineering project still re- 
quires communications, negotiations, in- 
teractions, and iterations among people 
and organizations, but TRACER promotes 
succinct and precise identification and 
treatment of real requirements separate 
from the descriptive prose in a document. 
TRACER enables the documentation of the 
requirements and progress of an engineer- 
ing project in a logical, controllable, trace- 
able manner. 

The attributes of TRACER include the 
presentation of current requirements and 
status from any linked computer terminal 
and the ability to differentiate headers and 
descriptive material from the require- 
ments. Related requirements can be 
linked and traced. The program also en- 
ables the printing of portions of docu- 
ments, individual approval and release of 
requirements, and the tracing of require- 
ments down into the specification of equip- 
ment. Requirement “links" can be made 
“pending" and invisible to others until the 
pending links are made “binding." Indi- 
viduals affected by linked requirements 
can be notified of significant changes with 
acknowledgement of the changes re- 
quired. An unlimited number of documents 
can be created for a project, and an ASCII- 
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import feature enables the incorporation 
of existing documents. TRACER can auto- 
matically renumber section headers when 
inserting or deleting sections of a docu- 
ment and can generate signoff forms for 
any approval process as well as a table 
of contents. 

TRACER is implemented on an IBM PC 
under PC-DOS. The program requires 640 
KB of random-access memory, a hard 
disk, and PC-DOS version 3.3 or higher. 
It was written with CLIPPER. The execut- 
able program is also provided with the 
distribution. 

IBM PC and PC-DOS are registered 
trademarks of International Business Ma- 
chines. CLIPPER is a trademark of Nan- 
tucket Corp. 

This program was written by Philip R. 
Turner, Richard L Stoller, Ted Neville, and 
Karen A. Boyle of Caltech for NASA’s Jet 
Propulsion Laboratory. For further infor- 
mation, Circle 87 on the TSP Request 
Card . NPO-18215 

Software- Design- 
Analyzer System 

CRISP-90 provides the soft- 
ware designer with a medium 
that facilitates alterations. 

The CRISP-90 software-design-analyzer 
system, an update of CRISP-80, is a set 
of computer programs that constitute a 
software tool for the design and documen- 
tation of other software and that support 
top-down, hierarchical, modular, structured 
methodologies for design and program- 
ming. The quality of a computer program 
can often be influenced significantly by the 
design medium in which the program is 
developed. The medium must foster the 
expression of the programmer’s ideas 
easily and quickly, and it must enable flex- 
ible and facile alterations of, additions to, 
and deletions from these ideas as the de- 
sign evolves. The CRISP-90 software-de- 
sign-analyzer system was developed to 
provide the programmer with such a de- 
sign medium. 

The design of a program in the CRISP- 
90 medium consists of short, English-like 
textual descriptions of data, interfaces, and 
procedures that are embedded in a simple, 
structured, modular syntax. The display is 
formatted into twcHjimensional, flow-chart- 
like segments for a graphical presentation 
of the design. Together with a good interac- 
tive full-screen editing or word-processing 
program, CRISP-90 becomes a powerful 
software tool for the programmer. 

In addition to being a text formatter, the 
CRISP-90 system prepares material, the 
manual extraction of which would be 
tedious and prone to error; examples of 


such material include a table of contents, 
a module directory, a structure (tier) chart, 
cross-references, and a statistical report 
on the characteristics of the design. Ref- 
erenced modules are marked by schemat- 
ic logic symbols to show conditional, itera- 
tive, and/or concurrent invocation in the 
program. A keyword-usage profile can be 
generated automatically and glossary defi- 
nitions inserted into the output documen- 
tation. Another feature is the capability to 
detect changes that were made between 
versions. Thus, “change bars” can be 
placed in the output document along with 
a list of changed pages and a version- 
history report. Also, items can be marked 
as “to be determined,” and each appears 
on a special table until the item is supplied. 

The CRISP-90 software-design-analyzer 
system is written in Microsoft QuickBasic. 
The program requires an IBM-PC-com- 
patible computer with a hard disk, 128K 
of random-access memory, and an ASCII 
printer. The program operates under MS- 
DOS/PC-DOS 3.10 or later. The program 
was developed in 1983 and updated in 
1990. 

Microsoft and MS-DOS are registered 
trademarks of Microsoft Corp. IBM PC and 
PC-DOS are registered trademarks of In- 
ternational Business Machines Corp. 

This program was written by Robert C. 
Tausworthe of Caltech for NASA’s Jet 
Propulsion Laboratory For further infor- 
mation, Circle 125 on the TSP Request 
Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, NASA Resi- 
dent Office-JPL [see page 20]. Refer to 
NPO-18212. 


Numerical- 

Optimization Program 

The ADS computer 
program is suitable for 
such applications as 
minimum-weight design. 

The Automated Design Synthesis (ADS) 
computer program is a general-purpose 
numerical-optimization program for de- 
sign engineering. Significant applications 
have already been found for this program 
in the synthesis of structures (minimum- 
weight design). 

ADS provides a wide range of options 
for the solution of constrained and un- 
constrained function minimization prob- 
lems. The user makes choices at each of 
three software levels to tailor the method 
of solution to fit the particular minimiza- 
tion problem. The three basic software 
levels are Strategy, which represents the 
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overall minimization strategy; Optimizer, 
which represents the particular minimi- 
zation algorithm; and One-Dimensional 
Search, which represents the method of 
applying the minimization technique. ADS 
relies on the user to formulate the problem 
and make appropriate selections from the 
solution options. 

Strategy options in ADS include sequen- 
tial unconstrained minimization using the 
exterior-penalty-function method; sequen- 
tial unconstrained minimization using the 
linear-, quadratic-, or cubic-extended-interi- 
or-penalty-function method; the augment- 
ed Lagrange-multiplier method; sequential 
linear programming; the method of centers 
(method of inscribed hyperspheres); and 
sequential quadratic programming. Opti- 
mizer options include the Fletcher-Reeves 
algorithm for unconstrained minimization, 
either the Davidon-Fletcher-Fbwell (DFP) 
or Broydon-Fletcher-Goldfarb-Shanno 
(BFGS) variable-metric method for uncon- 
strained minimization, and the regular or 
modified method of feasible directions 
(MFD) for constrained minimization. One- 
Dimensional Search options include con- 
strained or unconstrained function min- 
imization using only a golden-section 
method or a golden-section method fol- 
lowed by polynomial interpolation, and 
constrained or unconstrained function 
minimization using polynomial interpola- 
tion and/or extrapolation with or without 
first finding bounds on the solution. 

ADS is invoked by a calling program 
supplied by the user. ADS returns control 
to the calling program when information 
on a function or gradient is needed. This 
provides considerable flexibility in capa- 
bilities for organizing programs and re- 
starting execution of them. ADS can be 
used in four principal modes: (1) default 
control parameters and finite-difference 
gradients, (2) override default parameters 
(use finite-difference gradients) (3) default 
parameters and gradients supplied by the 
user, and (4) override default parameters 
and gradients supplied by the user. These 
options provide the user more control over 
the problem-solving procedure than would 
otherwise be available. 

The ADS program is written in FOR- 
TRAN 77 and developed on a CDC CYBER 
170-series computer. The program re- 
quires approximately 155K (octal) of 60-bit- 
word memory. The CDC version of ADS 
was developed in 1984 and updated in 
1985. The VAX version is a port of the. 1985 
CDC version. 

This program was written by Garret N. 
Vanderpiaats of the Naval Postgraduate 
School for Langley Research Center. For 

further information, Circle 32 on the TSP 
Request Card. 

LAR-14500 


For a quarter century, NASA’s 
Computer Software Management and 
Information Center (COSMIC) has 
served as the central distribution 
point for all software developed under 
NASA funding. Although computer 
technology has evolved rapidly over 
the years, the center’s mission has 
remained constant: to ensure that 
programs written by NASA and 
NASA-contracted scientists and 
engineers are made available for 
reuse in the private sector. 

Many of the programs created for 
NASA R&D projects have outstanding 
transfer potential. A program that 
calculates stress in the space shuttle 
also can calculate stress in an 
offshore drilling rig. Software that 

NASA Structural Analysis System 
(NASTRAN) This program has been 
continually maintained by NASA since 
its development in the 1960s. It has 
aided in the structural design of a wide 
range of objects, from high-impact 
printer parts to turbine engine blades, 
and is fully validated. Since the source 
code is included, NASTRAN can be 
modified or enhanced for new applica- 
tions. It runs on IBM mainframe, CDC, 
and DEC computers. Circle 70 on the 
TSP Request Card. GSC-12600 

Systems Improved Numerical Dif- 
ferencing Analyzer and Fluid Inte- 
grator (SINDA ’85/FLUINT) This gen- 
eral thermal analysis program handles 
both simple and extremely complex 
heat transfer problems, including those 
with both solid and fluid components. 
Available for DEC and Sun computers, 
the program yields NASTRAN-compat- 
ible output. Circle 71 on the TSP Re- 
quest Card. MSC-21528 

Thermal Radiation Analysis System 
(TRASYS) Designed for solar heating 
design, TRASYS can handle partial 
shading of one surface by another, and 
translucent surfaces. It runs on a DEC 
computer and generates output com- 
patible with SINDA ’85/FLUINT. Circle 
72 on the TSP Request Card. MSC - 
21030 

C Language Integrated Production 
System (CLIPS) A tool for developing 
expert systems, CLIPS makes deci- 
sions in the same way a human expert 
would. The latest update incorporates 
a feature called COOL, the CLIPS 
Object-Oriented Language. Versions 


measures the pressure of air flowing 
over an aircraft wing can be modified 
to measure the pressure of water 
flowing over a fin. A program that 
determines the optimal design for a 
communication laser also will 
determine the optimal design for a 
surgical laser. 

Before a program is offered to the 
public, it is reviewed by NASA’s 
Center for New Technology Assess- 
ment. Once approved, most programs 
are made available within the US with 
few or no restrictions. 

In addition to producing new 
programs, NASA continually updates 
and enhances existing software. 
Programs updated in the past year 
include: 


are available for the IBM PC, the Macin- 
tosh, and UNIX workstations. Circle 73 
on the TSP Request Card. MSC-21208 

Transportable Application Environ- 
ment (TAE Plus) A programmer’s tool 
for fast and easy development of user 
interfaces, TAE Plus allows applica- 
tions to be moved from one computer 
to another without affecting the end 
user. It is based on X-Windows and 
Motif, and runs on DEC and Sun com- 
puters. Circle 74 on the TSP Request 
Card. GSC-13276 

Long-Term Orbit Predictor (LOP) 

Designed for use on an IBM PC, this 
program is suited for lifetime analysis of 
orbiting spacecraft. Circle 75 on the 
TSP Request Card. NPO- 1 7052 

Chemical Equilibrium andTransport 
(CET) This powerful, machine-indepen- 
dent program calculates theoretical 
thermodynamic properties of chemical 
systems. It can aid in the design of 
compressors, turbines, engines, heat 
exchangers, and chemical processing 
equipment. Circle 76 on the TSP Re- 
quest Card. LEW-14166 

Semi-Markov Unreliability Range 
Evaluator (SURE) and Pade Approxi- 
mation With Scaling and Scaled 
Taylor Exponential Matrix (PAWS/ 
STEM) Together, these programs form 
a “reliability workbench,” offering sev- 
eral theoretical approaches to the de- 
sign of redundant systems used in situ- 
ations where failure could be cata- 
strophic. They run on DEC computers. 
Circle 77 on the TSP Request Card. 
LAR - 13789 and LAR- 14165 
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Reducing Water/Hull Drag by Injecting Air Into Grooves 

A proposed method would require much less air than does the microbubble-injection method. 
Langley Research Center, Hampton, Virginia 


The concept of reducing the drag on a 
water vehicle by placing air in the bound- 
ary layer between the vehicle and the 
water is not new but has been unworkable 
because of the difficulty of stabilizing a lay- 
er of air on the surface of the hull. Attempt- 
ed solutions to the air-stability problem re- 
quired changes in the basic configuration 
of the hull to trap air — an approach not 
practical for most oceangoing vessels. 

Previous work has shown that air in the 
boundary layer of a waterflow can, indeed, 
greatly reduce the skin friction. One tech- 
nique consisted of the injection of micro- 
bubbles through a porous plate into a 
boundary layer. Although this technique 
has reduced friction by as much as 80 per- 
cent, the required flow of air is so large 
that it negates the drag-reduction benefits 
in practical situations. The disadvantage 
of microbubbles is that they are easily dis- 
persed and fill the entire boundary layer. 
In theory, only the portion of air nearest 
the wall acts as a drag-reduction agent. 
Therefore, most of the air injected in the 
microbubble technique is wasted. 

A proposed technique for the reduction 
of friction drag on a hydrodynamic body 
involves the use of grooves and combina- 


tions of surfactants to control the motion 
of a layer on the surface of such a body. 
The surface would contain many rows of 
side-by-side, evenly spaced, longitudinal 
grooves. These grooves would be general- 
ly triangular, with tip-to-tip spacing be- 
tween 0.040 in. (1 .0 mm) and 0.010 in. (0.25 
mm) and depth from 0.10 in. (2.5 mm) to 
0.010 in. (0.25 mm). The dimensions of 
grooves and sharpnesses of tips in a 
specific case would depend on the con- 
ditions of flow about the vessel. 

Air-injection ports would be either drilled 
holes in the valleys of the grooves or thin 
slots, each reaching across several valleys 
to distribute air more evenly. Air injectors 
would be angled as tangentially to the sur- 
face as possible. Injection of air would be 
repeated downstream several unit lengths, 
depending on the particular type of vessel. 

The ribbed surface would be roughened 
deliberately during fabrication or coated 
before use with an antiwetting surfactant 
to enhance its air-trapping ability. Fblytetra- 
fluoroethylene is the most-desirable coat- 
ing material, although such other antiwet- 
ting agents as those based on hydrocar- 
bons would also be effective. 

In operation, the air would be injected 


continuously through the ports. The ribs 
would act to hold the injected air in a con- 
necting sheet that would fill the grooves 
via transverse surface tension forces. The 
depth and spacing of the ribs would alter 
the interfacial tension at the surface, fa- 
vorably controlling the gas phase, or air 
sheet, by holding a thin sheet of air at the 
wall, where it is most likely to be effective 
in reducing drag. At slow speeds of vessels 
through water, this technique would likely 
require approximately one-tenth or less of 
the amount’ of air required in the injection 
of microbubbles. 

This work was done by Jason C. Reed 
of Old Dominion University and Dennis 
M. Bushneil and Leonard M. Weinstein 

of Langley Research Center For fur- 
ther information, Circle 150 on the TSP 
Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. In- 
quiries concerning nonexclusive or ex- 
clusive license for its commercial develop- 
ment should be addressed to the Patent 
Counsel, Langley Research Center [see 
page 20]. Refer to LAR-14078. 


A General-Coordinate Formulation for Boundary-Layer Flow 

The general coordinates need not be orthogonal. 


Ames Research Center, Moffett Field, California 


A formulation for the solution of the equa- 
tions of boundary-layer flow in general body- 
fitted curvilinear coordinates retains the 
velocities in Cartesian coordinates. This 
formulation may increase the stability of nu- 
merical simulations by avoiding coordinate 
source terms. Moreover, in this formulation, 
the curvilinear coordinates do not have to 
be orthogonal, and much of the software 
(including that for grids and boundary con- 
ditions) developed previously for use in nu- 
merical simulations of flow based on the 


Curvilinear Coordinates are fitted to a body 
aircraft or a turbine blade) on which boundary 
flow is to be computed. The coordinates q and £ 
lie on the surface of the body, while n runs 
perpendicularly to the surface of the body. 

Thus, the surface of the bod 
surfact of constant n. 
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Navier-Stokes equations can be used. 

The equations in the new formulation ex* 
press the conservation of momentum along 
and perpendicular to the surface, the con- 
servation of energy, and the conservation 
of mass, and include an equation of state 
for a perfect gas that has a constant ratio 
of specific heats. For example, the equa- 
tion for the conservation of momentum per- 
pendicular to the surface is p v = 0, while 
the equations for the conservation of mo- 
mentum along the surface are 

Pu t + PU u^ + PV u v + PW U{ + 

« x p £ +>» x P,+fxPf) = 

Jd v \J~' [p.m ] u ii +(fil3)m 2 ijJ) 

Pv^PUv^ + PV v v + PWv f + 

(iyP { + >? y P,+ fyP f ) = 

Jd n v v +<jil3)m 2 ijjJ) 

Pw t + PUw ( + PVw v + PWw f + 

tt/Pt+^+fzPf) = 

Jd v w„+(/t/3)m 2 >, z ]) 

In these equations, the curvilinear coordi- 
nates are f , rj and f ; p denotes density; 


u, v, and w denote the Cartesian com- 
ponents of velocity along the x, y, and z 
axes, respectively; p denotes pressure, \i 
denotes viscosity; subscripts denote par- 
tial derivations with respect to the coor- 
dinates they represent; 

m i = + ft m 2 = \ u r, + Vv + V v , 


J is the transformation Jacobian and U, V, 
and W are contravariant velocities given by 





These six equations can be used to deter- 
mine p, u, w, the specific total enthalpy H, 
p, and v. Generally, p is uncoupled and 
determined from P v = 0 and an outer-edge 
boundary condition so that p = p^ along 
rj coordinates. In more general cases, 
pressure is weakly coupled and can be 
determined from 


s,+v>, .(vjpj+vi^+vrpj.) = o 


using the same outer-edge condition with 
the source term defined as 


S n - - pU (Udp x + V dp y + W dgq z ) 

= ~P V ( ud n V x + V d jiy + W \v z ) 

= - pW (udfj x + v d f ij y + w d f q z ) 

where the overbar denotes scaling of met- 
rics, e.g., 


+ ^ + 

In this case, pressure varies throughout the 
boundary layer. 

This work was done by Joseph L. Steger, 
William R. Van Dalsem, Argyris G. Panaras, 
and K. V Raoof Ames Research Center 
Further information may be found in NASA 
TM-1 00079 [N88-24600], ‘A Formulation for 
the Boundary-Layer Equations in General 
Coordinates ." 

Copies may be purchased [prepayment 
required] from the National Technical Infor- 
mation Service, Springfield, Virginia 22161, 
Telephone No. (703) 467-4650. Rush orders 
may be placed for an extra fee by calling 
(800) 336-4700. 

ARC-12465 


Two Techniques for Suppressing Vibrations in Structures 

The techniques are based on bridge feedback and a criterion for placement of actuators. 
NASA's Jet Propulsion Laboratory, Pasadena, California 



Part of a Truss Structure contains an active damping member, which is a stainless- 
steel tube 8 in. (20.3 cm) long and 1 in. (2.5 cm) in diameter with an embedded stack 
of concentric piezoelectric wafers, an eddy-current differential proximity sensor, and 
a strain-gauge force sensor. 


Two techniques intended to be used to- 
gether to suppress vibrations in a large, 
complicated truss structure involve a com- 
bination of active and passive damping. 
Research continues to develop a system 
that would use these and other techniques 
to suppress vibrations in, and help control 
the shape of, a truss structure in outer 
space that would support the precise, 
segmented reflector of a communication 
antenna. On Earth, the developmental tech- 
niques should be applicable to the sup- 
pression of vibrations in bridges and tall 
buildings. 

In addition to or in place of ordinary 
structural members, the truss or other 
structure includes active and passive 
damping members. Each active member 
includes a piezoelectric or other actuator 
collocated with a force sensor and a vibra- 
tional-velocity sensor (see figure). The first 
of the two new techniques calls for the use 
of the active damping members (which, 
by itself, is not new) in a bridge-feedback 
control scheme (which is new in this ap- 
plication). This scheme involves the con- 
cept of mechanical impedance of a mem- 
ber, defined as the Laplace transform of 
the ratio between the axial force applied 
to the member and the difference between 
the velocities of its ends. The mechanical 
impedance of an active member is anal- 
ogous to the electrical output impedance 
of an amplifier. 

In this scheme, local feedback is used 


to control the mechanical impedance, 
of each active member in such a way 
as to effectively make it less stiff (and 
possibly more or less damping). The mem- 
ber could dissipate incident vibrational 
energy maximally if its mechanical im- 
pedance were the complex conjugate of 
mechanical impedance, Z L , of the rest of 
the structure. Uncertainties in the knowl- 
edge of the structure make the use of the 
complex conjugate impractical, and in- 
stead, the control system synthesizes a 
suboptimal Z m , the real (damping) part of 


which equals |Z L |, the modulus of the im- 
pedance of the rest of the structure. 

The second of the two new techniques 
is a scheme for the placement of the ac- 
tive and passive damping members. The 
problem of where to place each member 
of each type is one of combinatorial op- 
timization. The criterion for optimization is 
maximization of a weighted sum of the 
passive-damping and active-damping con- 
tributions to the rate of dissipation of vibra- 
tional energy. The weighting factors are 
selected on the basis of design require- 
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ments and engineering experience. In this 
technique, one seeks a suboptimal solu- 
tion by use of a simulated-annealing al- 
gorithm, which is one of class of heuristic, 
iterative algorithms that have been used 
in other optimation problems and that are 
named to reflect the fact that some as- 


pects of them resemble some aspects of 
a mathematical model of annealing. In 
simulated annealing, one accepts nonim- 
proving solutions according to probabilities 
determined from the Boltzmann function 
in the hope of escaping from or avoiding 
local optima and approaching the global 


optimum. 

This work was done by Gun-Shing Chen, 
John A. Garba, and Ben K. Wada of Cal- 
tech for NASA’s Jet Propulsion Labora- 
tory. For further information, Circle 159 on 
the TSP Request Card. 

NPO-17889 


Dynamic Analyses Including Joints of Truss Structures 

A straightforward method is used to determine stiffness and damping coefficients. 
Langley Research Center, Hampton, Virginia 


Space structures larger than 300 ft 
(91 m) in diameter, such as the hoop-col- 
umn antenna and proposed Space-Station 
structures (see figure), are being designed. 
These include truss substructures to span 
large distances because trusses provide 
high stiffness with low mass. The designs 
of many of these structures require ac- 
curate, dynamic analyses for prediction of 
loads, stability, shape control, and accur- 
acy of orientation. 

The designs of truss structures proposed 
for use in outer space specify joints that 
enable the erection or deployment of the 
truss members. Unlike in civil engineer- 
ing structures, the designs of joints for 
space structures include finite tolerances 
between mating surfaces to enable the 
joints to rotate or to be latched. A tolerance 
results in a dead band within which a joint 
can be made to move with nearly zero ap- 
plied force. The dead bands of joints are 
believed to affect the vibrational response 
of truss structures significantly, and de- 
tailed mathematical modeling may be 
necessary to incorporate these effects in 
the overall, or global, analysis. The joints 
influence the dynamic response of a truss 
in two major ways: first, by reducing the 
effective stiffness of the truss; and second, 
by introducing additional damping beyond 
that of a structure in which the members 
are rigidly connected but that is otherwise 
identical. Therefore, a method for mathe- 
matically modeling joints to assess the in- 
fluences of joints on the dynamic response 
of truss structures was developed in a 
study. Only structures with low-frequency 
oscillations were considered in this study; 
thus, only Coulomb friction and viscous 
damping were included in the analysis. 

The focus of this effort was to obtain 
finite-element mathematical models of 
joints that exhibited load-vs.-deflection be- 
havior similar to the measured load-vs.-de- 
flection behavior of real joints. Experiments 
were performed to determine stiffness and 
damping nonlinearities typical of joint hard- 
ware. An algorithm for computing coeffi- 
cients of analytical joint models based on 
test data was developed to enable the 
study of linear and nonlinear effects of 


joints on global structural response. 

Spring, viscous-damper, and friction- 
damper elements were formulated and 
included in an existing finite-element com- 
puter code. Beams with joints were load- 
ed, and their transient vibrational response 
was simulated with the finite-element pro- 
gram. The effects of linear and nonlinear 
joint stiffnesses on the amplitudes and fre- 
quencies of vibrations of beams were then 
studied. A truss structure with 32 joints 
was analyzed to study the effect of joints 
on its global vibrational response. Equa- 
tions for predicting the sensitivities of de- 
formations of beams to changes in stiff- 
ness of joints were derived. In addition, 
random perturbations were used to eval- 
uate the effects of changes in stiffness of 
joints on the frequency of a bending vibra- 
tional mode of a truss. 

The results of these analyses indicate 
that nonlinearities in the stiffnesses of the 
joints produced nonlinear dynamic re- 
sponse in beam and truss structures at 
certain values of these stiffnesses. For 
vibrations of constant amplitude, nonline- 
arities in the stiffnesses of the joints pro- 
duced sinusoidal vibrational responses in 
beams and trusses, and the frequencies 
of vibration could be simulated with linear- 
ized stiffness of the joints. The random per- 
turbations of these stiffnesses produced 
small changes in the global frequency, in- 
dicating that the average value of stiffness 


may be adequate to predict the global vi- 
brational behavior of a structure. Sensitivity 
analyses of beams with joints were used 
to develop equations that show that there 
exist values of stiffnesses of joints above 
which the flexibilities of the affected joints 
can be neglected in analyses of the vibra- 
tions of truss structures that contain them. 
The relative stiffnesses of the joints com- 
pared with those of truss members are 
major parameters that determine the need 
for mathematical modeling of the joints. 

The results of this study would be of 
value to designers of truss structures and 
framed structures in which the properties 
of joints have large effects, especially for 
cases in which deflection and vibration 
characteristics are major considerations 
in design. Besides the intended applica- 
tion to large space structures, applications 
in the nonaerospace community could in- 
clude ground-based antennas and earth- 
quake-resistant steel-framed buildings. 

This work was done by W. Keith Belvin 
of Langley Research Center Further in- 
formation may be found in NASA TP-2661 
[N 87-20567], “Modeling of Joints for the 
Dynamic Analysis of Truss Structures “ 

Copies may be purchased [prepayment 
required] from the National Technical In- 
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 336-4700. LAR-14306 
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Proposed Space-Station Configurations make extensive use of large truss structures. 
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Lock for Valve Stem 

Readily available materials and handtools are used to make a simple but effective device. 
Marshall Space Flight Center, Alabama 


The Valve Lock is made of PVC pipe and a packing band. Shears, a drill or punch, 
and a forming rod are the only tools needed. 


A simple, cheap device locks a valve 
stem so that its setting cannot be changed 
by unauthorized people. The device covers 
the valve stem; the cover is locked in place 
with a standard padlock. Only someone 
with a key to the padlock can then gain 
access to the valve and open, close, or 
otherwise change it. 

The device is intended for use on a 
double-union polyvinyl chloride (PVC) ball 
valve. It is made from a piece of 1-in.- 
(2.5-cm)-diameter schedule-40 PVC pipe 
and a strip of 1/2-in. (1.3-cm)-wide band (of 
a type ordinarily used for shipping). The 
device is fabricated by use of standard 
handtools. 

The pipe is cut to lengths and oppos- 
ing slits are sawed in its wall (see figure). 
The shipping band, cut to length and with 
holes punched or drilled in its ends, is in- 
serted through the slits. A metal rod is in- 
serted in the pipe to form the band so that 
it can fit over the valve stem. The valve 
handle is removed from the valve stem, 
and the pipe-and-band assembly is slipped 
over the stem. The band is wrapped around 
the valve body so that its ends meet, and 


a padlock is slipped through the holes and 
locked. The valve is now secure. 

This work was done by Richard K. 
Burley and Kamal S. Guirguis of Rockwell 
International Corp. for Marshall Space 
Flight Center. No further documentation 


is available. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 20]. Refer 
to MFS-29764. 
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Nineteen years ago Schaeffer Magnetics built the 
Pioneer 1 0 actuators that are today the only known 
electric actuators to leave our Solaf System. 

Ancf they're still working. 

That's the kind of uncommcfrt reliability that has 
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Lightweight Valve Closes 
Duct Quickly 

A balloon expands to block the duct. 
Marshall Space Flight Center, Alabama 

An expanding balloon serves as a lightweight emergency 
valve to close a wide duct. The balloon valve weighs much less 
than does a conventional butterfly, hot-gas, or poppet valve 
capable of closing a duct of equal diameter. 

The balloon is initially folded like an accordion in a housing 
on the side of the duct (see figure). When it is necessary to 
close the duct, a control system injects a suitable gas into the 
balloon. The balloon expands, bursting through a protective 
diaphragm in the wall of the duct. The balloon fully inflates in 
less than a second, pressing against the inner surface of the 
duct and thereby sealing it. 

After use, the housing is removed temporarily. The balloon is 
checked under pressure to ensure that it has not been punctured, 
then packed in the housing for reuse. The burst diaphragm is 
replaced, and the housing is reinstalled on the duct. 

The housing can be made of the same material as that of the 
duct or of a lightweight composite; e.g., glass-, graphite-, or boron- 
reinforced epoxy. The balloon can be made of a material such as 
aluminized Mylar (or equivalent) polyethylene terephthalate. 

This work was done by Walter L Fournier and N. Frank Burgy 
of United Technologies Corp. for Marshall Space Flight Center. 
For further information, Circle 139 on the TSP Request Card. 

Inquiries concerning rights for the commercial use of this 
invention should be addressed to the Patent Counsel, Marshall 
Space Flight Center [see page 20]. Refer to MFS-2851 1. 




The Uninflated Balloon is Stored in a housing on the duct. A pad 
resting on the burst diaphragm protects the balloon from the hot gases 
in the duct. Once the control system triggers a valve, the balloon 
inflates rapidly to block the duct. 
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Our DMP-160 Series 
Does the Work of Four Plotters, 
a Scanner and a Night Shift. 



Never before has one family of 
plotters done so much, so fast, and 
so well. Our D- and E-size plotters are 
the only ones that include the new, 
highly-compact HP-GL/2 plot language 
and 512K standard memory. That's the 
equivalent of 2 MB on other plotters. 
And they're the only ones that can be 
expanded to 4 MB. So instead of tying 
up you and your computer during long 
or multiple plots, our new plotters 



release your equipment 15 to 30 times 
faster than the competition. 
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Set-lt-and-Forget-lt Unattended 
Plotting. Our DMP-162R E-size plotter 
comes with 1MB of memory and an 
automatic rollfeed and cutting 
system— ideal for network, multi-user 
or heavy plotting requirements. This 
workhorse does it all: Configures your 
plotter directly from your PC or 
Macintosh® with our Hot-To-Plot™ 
programs. Stores up to four different 
user configurations. Uses a pen 
grouping feature for up to eight times 
the pen life. And cuts and gathers plots 
in a catch-basket for immediate access. 
Just load a 150' roll of D- or E-size 



paper, push a few buttons and go back 
to work. Or go home. 

Turn Your 
Plotter Into 
a Scanner. 

Only 
Houston 
Instrument 
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that allows any DMP-160 Series plotter 
to double as an affordable, large 
format scanner. 


Every Decision Should Be This Easy™ 

See the new DMP-160 Series today. And 
find out what it's like to go home early 
at night. For information, or the name 
of your local dealer, contact Houston 
Instrument today at 1-800-444-3425. 


HOUSTON INSTRUMENT 

A Summagraphics Company 

Circle Reader Action No. 550 


(O 1991 Summographics Corporation. Seymour, CT 06483. All rights reserved. 



Numerical Simulation of Flow Through an Artificial Heart 

Research in both artificial hearts and fluid dynamics benefits from computational studies. 


Ames Research Center, Moffett Field, California 


An algorithm that implements the Navier- 
Stokes equations of flow has been extend- 
ed to simulate the flow of viscous, incom- 
pressible blood through an artificial heart. 
The ability to compute the details of such 
flow is important for two reasons: (1) inter- 
nal flows with moving boundaries are of 
academic interest in their own right, and 
(2) many of the deficiencies of artificial 
hearts are attributable to the dynamics of 
flow. For example, high turbulent stresses 
can damage red blood cells. 

Although blood is viscoelastic, in the in- 
itial formulation of the algorithm it is ap- 
proximated by a Newtonian fluid to simplify 
the calculations. Later, as a first step toward 
the full simulation of non-Newtonian be- 
havior, viscosity can be allowed to vary in 
space and time, and non-Newtonian ef- 
fects can be represented by a simplified 
constitutive mathematical model of vis- 
cous stresses. 

The Navier-Stokes equations are cast 
in primitive-variable form, using pressure 
and velocity as dependant variables. The 
equations are transformed into generalized 
curvilinear coordinates. The coordinate 


grid is formulated to conform to the pump 
chamber and to the piston, and to contain 
a constant number of grid points as it ex- 
pands and contracts with the motion of the 
piston. To avoid further complications in 
this initial formulation, the motion of the 
valves is neglected, and the motion of the 
piston is altered so that it does not cross 
the valve openings. 

The transformed equations of flow are 
treated via an artificial-compressibility, flux- 
difference-split, upwind-differencing nu- 
merical-integration scheme for convective 
fluxes. The resulting system of equations 
is more-nearly diagonally dominant than 
it would be if a central-difference scheme 
were used. The system of equations is 
solved by use of an unfactored line-relaxa- 
tion scheme, which proves to have good 
stability and convergence characteristics. 

Two Distinct Vor- 
texes form in the flow 
entering an artificial 
heart through its in- 
flow valve as the pis- 
ton nears its lowest 
position. 


Time accuracy is maintained by iterative- 
ly solving the equations at each physical 
time step. 

Despite the simplifying assumptions, 
the results of an early numerical simula- 
tion show some of the complicated 
features of the flow, and agree at least 
qualitatively with the experiment (see 
figure). To simulate the operation of the ar- 
tificial heart in all its complexity, it will be 
necessary to eliminate the simplifying 
assumptions and incorporate more- 
advanced grid techniques and multiple 
zones to accommodate the valves. Fur- 
thermore, because simulations of this type 
now require much computer time, com- 
puters of increased speed and more- 
efficient algorithms could contribute great- 
ly to progress in this field. 

This work was done by Stuart Rogers, 
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Paul Kutler, and Dochan Kwak of Ames 
Research Center and Cetin Kiris of Stan- 
ford University. Further information may be 
found in NASA TM-102183 [N89-24111], 
“ Numerical Simulation of Flow Through an 
Artificial Heart." 

Copies may be purchased [prepayment 
required] from the National Technical In- 
formation Service, Springfield, Virginia 
22161, Telephone No. (703)487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 336-4700. 

ARC-12478 


Books and Reports 

These reports, studies, handbooks are avail- 
able from NASA as Technical Support Pack- 
ages (TSP’s) when a Request Card number 
is cited; otherwise they are available from 
the National Technical Information Service. 

Mathematical Models of 
Turbulence in 
Hypersonic Flow 

Essential features and 
statuses in applications 
are discussed. 

A report discusses mathematical mod- 
els of turbulence that are used in numeri- 
cal simulations of complicated viscous, 
hypersonic flows. Such models are neces- 
sary because in a typical practical numeri- 
cal simulation, the computer lacks the 
speed and/or memory necessary to calcu- 
late turbulent motion on all relevant scales 
of length and time. The report includes a 
survey of the essential features of the 
models and their statuses in applications. 

There are several approaches to the 
modeling of turbulence, depending on how 
many of the scales of turbulence are in- 
cluded. In the approach described here, 
one models the turbulent motion at all 
scales. For this purpose, one solves the 
Reynolds-averaged Navier-Stokes equa- 
tions. The numerical solutions, which rep- 
resent long-time averages of both steady 
and fluctuating flow quantities, are usual- 
ly steady in time. 

The main text of the report begins with 
the derivation of the Reynolds-averaged 
Navier-Stokes equations and related 
equations. After a brief discussion of the 
various types of turbulence models, it 
focusses on eddy-viscosity models, which 
represent turbulent (Reynolds) stresses 
and fluxes of energy and matter as func- 
tions of strain rates or derivatives of ve- 
locities, by analogy to molecular stresses 
and fluxes. The eddy-viscosity function n T 
can be expressed by fi T = p(q, where ( 
is a length-scale function and q is a velo- 
city-scale function. The way ( and q are 
determined defines the type of eddy- 
viscosity model to be used. If ( and q are 
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determined algebraically from mean flow 
data, the model is called a “zero-equation” 
model. If ( is determined algebraically but 
q is determined from the turbulent-kinet- 
ic-energy or other field equation, the model 
is called a “one-equation" model. If both 
( and q are determined from field equa- 
tions, the model is called a “two-equation” 
model. 

The report describes some zero- and 
two-equation models, including explicit 
modifications of them to account for high 
speeds and compressibility. These include 
the Cebeci-Smith and Baldwin-Lomax 
models in the zero-equation category and 
the k-e and q-u> models in the two-equa- 
tion category. 


Next, high-speed flows predicted with 
the help of various models are compared 
with experiments. Cases include flows with 
attached boundary layers, flows with in- 
teractions between shock waves and 
boundary layers, and flows with com- 
pressible shear layers. The report con- 
cludes with remarks about the status of 
turbulence modeling and recommenda- 
tions for future studies. 

This work was done byJ. G. Marvin and 
T. J. Coakiey of Ames Research Center 
Further information may be found in NASA 
TM-101079 [N89-26181], “Turbulence Model- 
ing for Hypersonic Flows.” 

Copies may be purchased [prepayment 
required] from the National Technical Infor- 


mation Service, Springfield, Virginia 22161, 
Telephone No. (703) 487-4650. Rush orders 
may be placed for an extra fee by calling 
(800) 336-4700. 

ARC-12609 


Investigation of Tapered 
Tension/Torsion Strap 

A tapered strap provides 
more torque than a 
parallel one does. 

A report describes the theoretical and 
experimental investigation of a simplified 
model of a tension/torsion strap. A tension/ 
torsion strap has been proposed for use 
in a helicopter rotor blade to hold an other- 
wise freely pitching blade tip inward against 
centrifugal force and to apply torque about 
the pitch axis to regulate the pitching mo- 
tions of the tip. This kind of design is intend- 
ed to improve the aerodynamic perform- 
ances of rotors and to reduce vibrations. 

According to a previous concept, a ten- 
sion/torsion strap would be made by ar- 
ranging thin wires side by side in parallel 
and embedding them in an elastomeric 
filler. The torsional moment would be de- 
rived mainly from a component of the ten- 
sile load in the wires. Ignoring the aerody- 
namic effects, the strap and pitching blade 
tip would function analogously to a torsion 
pendulum except that the tensile load on 
the strap would be caused by the cen- 
trifugal force of the tip instead of by the 
weight of the pendulum. 

The tapered tension/torsion strap was 
proposed to increase the torque generated 
by this type of strap (by increasing the tor- 
sional stiffness). According to this concept, 
the wires would be fanned out so that the 
strap would be wider at the inboard (an- 
chored) end than at the outboard (pitching- 
tip) end. In this investigation, a two-wire 
torsional pendulum was used as the sim- 
plified model of a strap. When the suspen- 
sion wires of such a pendulum are parallel 
in the steady state, it becomes a bifilar 
pendulum representing a constant-width 
tension/torsion strap. When the suspen- 
sion wires are spread further apart at the 
upper (anchor) ends to form a V-shape, it 
represents the tapered tension/torsion 
strap. 

The characteristics of the torsion-pen- 
dulum model were investigated by use of 
a simple mathematical model (small-angle 
approximation, no torsional stiffness in the 
wires, no stretching of the wires) and by 
measurements of the damping and of the 
torsional stiffness and natural frequency 
as a function of the separation between 
the wires at the upper ends. The results 
showed that, as expected, the torsional 
stiffness increases with the separation. 
The reason for this is that as the taper in- 
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creases, so does the component of ten- 
sion in the plane of rotation. 

This work was done by Alexander Louie 
of Ames Research Center Further infor- 
mation may be found in NASA TM-101049 
[N 89-13746], "An Experimental and Analyt- 
ical Evaluation of the Tapered Tension- 
Torsion Strap Concept.’’ 

Copies may be purchased [prepayment 
required] from the National Technical In- 
formation Service, Springfield, Virginia 
22161, Telephone No. (703)487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 336-4700. 

ARC-12480 

Processing Particle- 
Streak Imagery on a 
Personal Computer 

Streak patterns are 
used to obtain maps 
of flow-velocity vectors. 

A report describes a simple flow experi- 
ment in which the streak images of par- 
ticles suspended in the fluid and illumi- 
nated for short times were processed into 
maps of velocity vectors. The particle- 
streak concept is simple and dates back to 
the early part of this century but has not 
been considered viable until recently be- 
cause the manipulation of the images to 
extract the velocity data has required ex- 
cessive time and effort. 

Advances in the digital processing of im- 
ages have revived interest in the particle- 
streak method. In some applications, ex- 
cessive emphasis has been placed on the 
automatic reduction of data, and a large 
portion of the significant image data is 
typically discarded to avoid the inclusion of 
erroneous data. To accumulate a sufficient 
number of data points to map a velocity 
field, repeated detection of a specific state 
in the image is required. Such repetition is, 
in practice, feasible only for steady flow. In 
the experiment described in this report, the 
authors used a semiautomatic data-reduc- 
tion scheme, which can recover significant 
image data much more efficiently than a 
currently available automatic scheme can. 

The experiment was performed in a tow- 
ing tank filled with water seeded with 
neutrally buoyant particles. A circular cylin- 
der 0.5 in. (12.7 mm) in diameter was 
moved along the tank at 0.31 in./s (0.79 
cm/s) with its axis perpendicular to the mo- 
tion. The flow around the cylinder was illu- 
minated with a sheet of laser light and was 
photographed in 0.5-s exposures to obtain 
the streak images of the particles. 

The photographs were acquired by a vid- 
eo camera, digitized, and stored in the 
memory and on the hard disk of a personal 
computer connected with the computer 
network at Ames Research Center. The im- 
age was then enhanced by manipulation of 


contrast, noise cleaning, filtering, statisti- 
cal differencing, thresholding, and other 
techniques. The enhanced images of the 
streaks were examined by the experiment- 
ers; those judged to represent valid data 
were traced semiautomatically with a 
“mouse” to generate their binary images 
for use in calculating the velocity vectors. 
Coordinate transformations were applied 
to correct for distortions in the image, and 
velocity vectors at locations other than 
those of streaks were interpolated via a 
simple convolution with an adaptive Gaus- 
sian window. 

The velocity-vector map was found to 
agree fairly well with the results of a 


Navier-Stokes calculation of the flow. Even 
in regions where the magnitude of the 
streak-image velocity did not agree with 
that of the Navier-Stokes velocity, the direc- 
tions of the velocities agreed well. The 
discrepancy is attributed partly to errors in 
the processing of the images and partly to 
that there were not enough streaks in re- 
gions of large gradients in the velocity. 

This work was done by V. C. Cho and B. 
G. McLachlanof Ames Research Center 
To obtain a copy of the report, “Personal 
computer (PC) based image processing 
applied to fluid mechanics research," Cir- 
cle 62 on the TSP Request Card. 
ARC-12267 
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Something To Think About . . . 

WHY IS IT THAT MY TUNGSTEN 
LAMP STILL “WANDERS”? 

(Even With A DC-Power Source)! 

Tungsten lamps become brighter and dimmer 
throughout the day because they are directly 
tied to the poweriine. Every time a compressor 
or motor is turned on (or off), the line voltage 
inevitably 'sags and drifts" causing line surges 
and spikes. These surges and spikes affect 
any kind of lamp with a change in LIGHT. 

A common misconception is that if the voltage 
is controlled, the LIGHT will be steady; hence, 
a DC power supply is used. An ordinary DC 
supply eliminates the ripple but doesn't rid 
the need for amp regulation; so the lamp ends 
up wandering around — despite the top-notch 
DC source. 

WHY?. . .Because the Halogen Lamp socket 
steadily degrades from the constant heat. 

This corrosion causes Series resistance so 



Computed Hypersonic 
Viscous Flows Over 
Delta Wings 

A conical Navier-Stokes 
algorithm accurately predicts 
shocks and pressure fields. 

A report describes the development of 
an algorithm for the finite-volume (a type of 
finite-difference) solution of the conical 
Navier-Stokes equations of hypersonic 
viscous flow over a conical delta wing. The 
conical Navier-Stokes equations involve 
an approximation in which derivatives 
along rays that pass through the apex of 
the cone are set to zero. This approxima- 
tion is justified by previous experimental 
observations that the viscous regions of 
supersonic flows over conical bodies are 
strongly dominated by the surrounding 
conical inviscid flows. 


that while the DC supply maintains the 
voltage, the current falls off; subsequently 
the LIGHT-level falls. 

In MERCRONs NEW TUNGSTEN series the 
Lamp CONTROLLER “watches the light" to 
counter this resistance and to lock in depend- 
able color-temperature and brilliance. 
Moreover. MERCRON s "Soft-Start" Circuit 
limits the striking current's "overshoot" to 
less than 50% of normal, so that the lamps 
will not burn out as quickly. 


This is accomplished precisely with 
MERCRON s 1/4%* LIGHT REGULATION 
feature of its various models for Tungsten. 
Fluorescent. Metal Halide/Mercury, and 
Sodium Light-Sources - all worth considering! 
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The conical Navier-Stokes equations in 
conservation-law form are derived, and the 
thin-layer approximation is introduced. The 
fluid is assumed to be a perfect gas similar 
to air, with viscosity, thermal conductivity, 
and Prandtl number dependent upon tem- 
perature according to Sutherland’s formu- 
las for the first two of these quantities. 

The thin-layer Navier-Stokes equations 
are solved via a finite-volume formulation 
with state vectors stored at the centers of 
cells and fluxes defined at the faces of 
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cells. Upwind differences are used for the 
inviscid flux derivatives, while central dif- 
ferences are used for the viscous flux vec- 
tor. The initial conditions are chosen simply 
by setting all state vectors to free-stream 
values. This corresponds to an impulsively 
accelerated body in a supersonic flow. The 
solution is advanced to a steady state by an 
explicit, multistage scheme. 

The conical Navier-Stokes equations 
and the algorithm were tested by using 
them to compute the mach 1.8 flow over an 
elliptical delta wing. The computation 
predicted primary and secondary leading- 
edge vortexes. The calculated pressure 
coefficient on the wing compared favor- 
ably with experimental data. Mach 10.17 
flow over an isothermal flat delta wing was 
computed for angles of attack from 0° 
through 15°, and the extent of the viscous 
layer was predicted accurately for all 
angles of attack. 

In the cases of hypersonic flow over an 
adiabatic wing, the calculation yielded 
spurious total temperatures in the bound- 
ary layer. This error is due to the van Leer 
flux-split formulation used in the algorithm. 
However, the overall comparison with ex- 
perimental data in these cases was good. 
The conical Navier-Stokes equations can 
thus be expected to provide a good ap- 
proximation for the flow over simple delta 
wings in supersonic and hypersonic flow. 

Avon Neumann stability analysis based 
on a one-dimensional flux-split model is 
used to predict the stability boundaries of 
the scheme. One-, two-, and three-stage 
■ schemes are considered for both first-order- 
accurate and second-order-accurate up- 
wind formulations. The one-dimensional 
analysis shows that for the first-order-ac- 
curate formulation, the two-stage scheme 
is the most efficient. However, for the 
second-order-accurate formulation, the 
three-stage scheme is more efficient and is 
used in all the calculations. Also, the 
Courant-number restriction is strongly de- 
pendent on the stage coefficients and or- 
der of accuracy. In this study, a switch that 
involves a second difference in pressure 
was found to give sharp shocks while al- 
lowing nearly-second-order-accurate dif- 
ferencing in the boundary layer. 

This work was done by Stephen M. Ruffin 
of Ames Research Center and Earll M. 
Murman of the Massachusetts Institute of 
Technology To obtain a copy of the report, 
"Solutions for Hypersonic Viscous Flow 
Over Delta Wings,” Circle 6 on the TSP 
Request Card. ARC-121 79 

Navier-Stokes Computations 
on Zonal Grids 

Flows about a wing and an 
airplane are simulated. 

A report describes numerical simula- 
tions of the transonic flow of air about an 
isolated wing and about the wing and 
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fuselage (but not the tail assembly) of the 
F-16A aircraft. A fast, diagonalized Beam- 
Warming numerical-integration algorithm 
for the solution of the Euler and Navier- 
Stokes equations was applied via the Tran- 
sonic Navier-Stokes computer program, 
using computational grids divided into 
zones of coarse and finer meshes. 

As in previous studies, the thin-layer 
Navier-Stokes equations with no-slip sur- 
face conditions were applied on solid sur- 
faces, while the Euler equations (of inviscid 
flow), which are simpler, are used else- 
where. The regions where viscosity is im- 
portant also tend to involve high gradients 
of flow variables. To reduce the amount 


When Schaeffer Magnetics, a com- 
pany with 24 years of spaceflight 
component design experience, was 
asked to proWde actuators for NASA’s 
Flight Telerobotic Servicer (FTS), they 
turned to Algor engineering software 
to optimize their design. 

The FTS is designed to perform a 
variety of tasks in space, including 
the assembly and maintenance of 
spacecraft. The actuators are the 
joints” for the arms and legs of the 
FTS. There is no room for compromise 
in the design of such critical com- 
ponents for this vital system. That’s 
why Schaeffer Magnetics chose Algor. 

Algor engineering software is the 
choice of more than 5,000 engineers 
worldwide because it’s more powerful, 
easier to use, better supported and 
less costly than competitive systems. 

High level service at low cost is a 
key component of Algor’s success. 
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of technical support and free 
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of computation required, the meshes were 
refined only to the degrees necessary in 
the near-surface, high-gradient regions. 

The base grid was generated by an al- 
gorithm based on Poisson’s equation and 
was divided into zones by a zoning algo- 
rithm. The grid about the wing consisted 
of four zones. The first included all points 
except those in the vicinity of the wing, 
which were contained in the second 
through fourth zones. The second zone, 
with a mesh finer than that of the first zone, 
contained all points in the vicinity of the 
wing except those in still finer meshes in 
the third and fourth zones, which were at- 
tached to the upper and lower surfaces 


Schaeffer Magnetics is building the 
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or fax today for our comprehensive 
technical literature package. 
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respectively. 

The grid about the airplane was divid- 
ed into a total of 19 zones. These zones 
were essentially of three types; inviscid 
zones, viscous zones with clustering of the 
grids on faces that correspond to wing or 
fuselage no-slip surfaces, and viscous 
zones with clustering on pairs of adjacent 
faces that correspond to the wing/fuselage 
juncture. 

The simulation for the wing was con- 
ducted both with and without inclusion of 
the effects of wind-tunnel walls, and the 
results of the two cases were compared 
with those of an experiment. The simula- 
tion with wall effects agreed well with the 


experiment, and the results show that 
when the effects of the wall are not con- 
sidered, the predicted position of the shock 
is too far upstream. 

The results of simulation for the aircraft 
are presented in plots of pressure coeffi- 
cients as functions of position along 
various coordinate axes. For the most part, 
these plots show good agreement with ex- 
perimental data. 

This work was done by Jolen Flores of 
Ames Research Center Further informa- 
tion may be found in NASA TM-1 00080 
[N88-24602], ‘Applications of the Navier- 
Stokes Equations to Wings and Complex 
Configurations Using a Zonal Approach." 


Copies may be purchased [prepayment 
required] from the National Technical In- 
formation Service, Springfield, Virginia 
22161, Telephone No. (703)487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 336-4700. ARC-12447 

Experiments on 
Schemes for Adaptive- 
Wall Wind Tunnels 

Ways to reduce testing time 
for adaptation are discused. 

A report discusses an experimental in- 
vestigation of the various convergence 
schemes for an adaptive-wall wind tunnel. 
In such a wind tunnel, the shape of the 
walls is changed, or controlled auxiliary 
flows are introduced through holes in the 
walls to compensate for the interference of 
the walls on the flow about the test model in 
such a way that the flow at the model ap- 
proximates the flow that would be obtained 
if the walls were not present. Measure- 
ments of flow variables (e.g., pressures 
and/or velocities) at a small number of 
selected positions are used to adjust the 
auxiliary flows or other compensating 
mechanisms. A convergence scheme is 
an iterative or one-step scheme by which 
the adjustments make the conditions in the 
compensated flow impinging on the model 
converge on the free-stream conditions. 

At present, ventilated adaptive-wall wind 
tunnels require complicated instrumenta- 
tion and excessive testing time to perform 
adaptations. The purpose of the research 
described in the report was to establish 
faster convergence schemes with simpler 
instrumentation. To simplify the instrumen- 
tation, it was proposed to use the distribu- 
tion of pressure on the side wall as the flow 
variable. As one of the alternatives to 
reduce the testing time, a one-step con- 
vergence scheme was proposed. 

To explore the relative merits of different 
convergence schemes, the iterative and 
the one-step methods were implemented 
with normal and streamwise velocity com- 
ponents measured by a two-component 
laser Doppler velocimeter and also with 
resultant velocity distributions calculated 
from measurements of static pressures on 
the side wall. Emphasis was given to the 
convergence schemes with two-level com- 
patibility assessment, which requires the 
measurement of one flow variable at two 
levels (unlike the one-level method, in 
which two flow variables have to be meas- 
ured at one control level). Measurements 
were performed at mach numbers from 
0.5 to 0.75 and at angles of attack from 0° 
to 4° 

In the iterative and the one-step meth- 
ods, influence coefficients were employed 
for a systematic estimation of the pressure 
corrections. Different coefficients were 
used for suction and blowing. One aspect 
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of the investigation was the determination 
of the practical limitations and the effec- 
tiveness of the influence coefficients at 
various mach numbers and angles of at- 
tack. 

The results show that the sidewall-pres- 
sure measurements can, indeed, be used 
as the flow variables and that they yield the 
same unconfined-flow conditions as those 
obtained by measuring streamwise and 
perpendicular components of velocity with 
a laser Doppler velocimeter. The results 
justify the use of influence coefficients in 
the one-step and iterative convergence 
schemes. They also show that with the 
one-step convergence scheme, satisfac- 
tory adaptation can be obtained when the 
number of iterations is reduced to one (or 
sometimes two). 

This work was done by Z. Z. Celik of 
Stanford University and S. Bodapati of the 
Navy-NASA Joint Institute for Aeronautics 
for Ames Research Center To obtain a 
copy of the report, “Experimental In- 
vestigations of the Various Convergence 
Schemes for an Adaptive Wall Wind Tun- 
nel,” Circle 59 on the TSP* Request Card. 
ARC-12116 

Artificial Intelligence in 
Computational Fluid 
Dynamics 

Four Al systems are 
compared. 

A paper compares four first-generation 
artificial-intelligence (Al) software systems 
for computational fluid dynamics. On the 
basis of that comparison, the paper con- 
cludes that Al is most successful when it 
is applied to well-formulated problems that 
are solved by classifying or selecting pre- 
enumerated solutions. In contrast, the ap- 
plication of Al to poorly understood or 
poorly formulated problems generally re- 
sults in a long development time and a 
large investment of effort, with no guaran- 
tee of success. 

The paper focuses on knowledge-based 
(“expert”) software systems. It analyzes 
their intended tasks, the kinds of know- 
ledge they possess, the magnitude of ef- 
fort required to codify the knowledge, how 
quickly they were constructed, their per- 
formances, and the return on investment. 

The four software systems are the fol- 
lowing: 

1. The Expert Cooling Fan Design System 
(EXFAN) computes aerodynamical por- 
tions of the designs of turbomachinery 
components by starting with initial de- 
signs and repeatedly analyzing and revis- 
ing until the design goals are met. 

2. The PAN AIR Knowledge System (PAKS) 
aids users of PAN AIR, a panel-method 
program widely used in the design of air- 
planes. PAKS takes the user’s goals and 
the geometry defined by the user and 
constructs a PAN AIR input deck. 

NASA Tech Briefs, December 1991 


3. The grid-adaptation program MITOSIS 
(referred to as “ADAPT” in this study 
since the actual name was unknown) 
adds robust failure recovery to a succes- 
sive grid refinement/coarsening proce- 
dure, which depends on the local flow 
field. 

4. The Expert Zonal Grid Generation 
(EZGrid) program partitions a two-dimen- 
sional flow field into four-sided, well- 
shaped zones that are then individually 
discretized. 

The paper rates each system graphical- 
ly with respect to several criteria. For ex- 
ample, it finds that the knowledge-ampli- 
fication factor of EXFAN is quite high, while 
that of MITOSIS is rather low, and those 
of EZGrid and PAKS lie between the two 
extremes. 

Three challenges for future development 
are proposed. The first is to identify addi- 
tional aspects of computational fluid dy- 
namics to which Al can be applied, and 
to refine or build on existing first-generation 
systems. The second is to increase the 
understanding and formalization of various 
aspects of computational fluid dynamics 
with a view toward the benefits that can 
be obtained in the long term by automating 
those aspects via Al. The third challenge 
is to identify the aspects of computational 
fluid dynamics that can be automated (for 
example, definition of geometry, design, 
generation of code, and selection of meth- 
odology), but the automation of which re- 
quires Al techniques that are still being 
developed (for example, geometric reason- 
ing, representation of perceptual knowledge, 
constructive problem solving, learning, 
automatic programming, and qualitative 
physics). Starting work on this third chal- 
lenge early will likely produce results soon- 
er and will produce valuable feedback for 
researchers in Al. 

This work was done by Alison Andrews 
Vogel of Ames Research Center. Further 
information may be found in AIAA Jour- 
nal 88A28036, Volume 26, No. 1, (Janu- 
ary, 1988), pages 40 through 46, " Progress 
and Challenges in the Application of Ar- 
tificial Intelligence to Computational Fluid 
Dynamics 

Copies may be purchased [prepayment 
required] from AIAA Technical Information 
Service Library, 555 West 57th Street, New 
York, New York 10019, Telephone No. (212) 
247-6500. ARC-12445 

Frequency-Domain 
Identification of 
Aeroelastic Modes 

Data from flight tests 
support the choice of the 
frequency-sweep method. 

A report describes flight measurements 
and frequency-domain analyses of aero- 
elastic vibrational modes of the wings of 
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the XV-15 tilt-rotor aircraft. The main text of 
the report begins with a description of flight- 
test methods. This is followed by a brief dis- 
cussion of the methods of analysis, which 
include Fourier-transform computations 
using chirp z transforms, the use of coher- 
ence and other spectral functions, and 
methods and computer programs to obtain 
frequencies and damping coefficients 
from measurements. This is followed by a 
brief description of the results of flight tests 
and comparisons among various experi- 
mental and theoretical results. The report 
ends with a section on conclusions and re- 
commended improvements in techniques. 

The measurements were taken during 


flight tests in which dual flaperon exciters 
with automatic frequency-sweep controls 
were used to excite individual modes pre- 
cisely. During the tests, the aircraft was 
equipped with the original metal rotor 
blades (as distinguished from new com- 
posite-material blades, with which subse- 
quent tests are to be performed). 

After the wing modes were excited with 
flaperon frequency sweeps, the frequency 
spectra of the resulting time-history data 
were generated with the chirp z transforms. 
Modal frequencies and damping were de- 
termined by fitting curves to frequency-re- 
sponse magnitude and phase data. In addi- 
tion, theoretical analyses were performed 


with the help of the CAMRAD and ASAP 
computer progams to predict the modes 
by use of mathematical models of the air- 
craft. Estimates of frequency and damping 
were plotted and compared with values 
predicted by both CAMRAD and ASAP. 

From the results of the measurements 
and analyses, the authors conclude that 
the combination of frequency-sweep exci- 
tation with frequency-domain analysis pro- 
vides a reliable and efficient method for the 
determination of the aeroelastic modes of 
the XV-15 aircraft from flight data. Because 
of its good analytical results and its re- 
duced flight time in comparison with other 
methods, the frequency-sweep method 
has been chosen to support flight tests of 
the aircraft equipped with the new com- 
posite blades. 

This work was done by C. W. Acree, Jr., 
and Mark B. Tischler of Ames Research 
Center. Further information may be found 
in NASA TM-101021 [N90-21 756], Identifi- 
cation of XV-15 Aeroelastic Modes Using 
Frequency-Domain Methods ." 

Copies may be purchased [prepayment 
required] from the National Technical In- 
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra fee 
by calling (800) 336-4700. ARC-12407 

Methods of Simulation of 
Incompressible Flow 

Numerical techniques for the 
solution of the Navier-Stokes 
equations are discussed. 

A report discusses methods for the nu- 
merical solution of the Navier-Stokes 
equations of viscous, incompressible flow, 
with emphasis on the pseudocompressi- 
bility method. Viscous, incompressible 
flows are encountered in many realistic en- 
gineering problems in aerodynamics and 
hydrodynamics. The advanced computa- 
tional techniques reviewed here contribute 
to improved designs by rapidly providing 
detailed information about conditions at all 
points in the flow fields of proposed de- 
signs. 

The approach taken in this study is to 
use a primitive-variable formulation of the 
Navier-Stokes equations in generalized 
curvilinear coordinates and to solve the 
equations numerically by a finite-differ- 
ence technique. The lack of a pressure 
term in the equation of continuity for in- 
compressible flow poses an obstacle to 
the solution. The oldest and most common- 
ly encountered method for satisfying the 
equation of continuity is to use Poisson’s 
equation to find the pressure, in an iterative 
relaxation scheme in which the diver- 
gence-free condition is approached. 

Another method is the fractional-step 
method. In the most common version of 
this method, one first solves for an auxiliary 



irrors 


□ Thousands of mirrors and substrates in stock for 
immediate shipment worldwide. 

rj Generous volume and OEM discounts available. 

rj Coating and distribution facilities in the United States, 
Europe, and the Far East. 

□ Requests for modifications to standard mirrors and 
custom specifications are welcome. Call one of our 
highly-trained Applications Engineers to discuss your 
requirements. 

□ Custom coatings are available. Call toll-free in the U.S. 

□ Call or write for our Mirror Selection Guide. 


Quality Is Clear 


mELLES GRIOT 


1770 Kettering St. ■ Irvine, CA 92714 ■ 1-800-835-2626 ■ (714) 261-5600 ■ Fax (714) 261-7589 
Hengelder 23 ■ 6942 ALZevenaar ■ The Netherlands ■ (08360) 33041 ■ Fax (08360) 28187 

Circle Reader Action No. 615 


74 


NASA Tech Briefs, December 1991 



velocity field by use of a form of the mo- 
mentum equation in which the pressure- 
gradient term can be computed from the 
pressure in the previous time step or can 
be excluded entirely. In the next step, the 
pressure is computed and used to map the 
auxiliary velocity onto a velocity field free of 
divergence. 

In the pseudocompressibility method, 
the equation of continuity is modified by the 
addition of a derivative of pressure with 
respect to time, resulting in 

0 

p dt dXj 

where - is the pseudocompressibility, P = 
pressufe.u,- = the/th component of veloci- 
ty, x, = the /th spatial coordinate, and t = 
time. Together with the equations of con- 
servation of momentum in unsteady flow, 
this forms a hyperbolic/parabolic type of 
time-dependent system of equations. Solu- 
tions can be obtained through fast, implicit 
schemes developed for compressible 
flows, such as the approximate-factoriza- 
tion scheme by Beam and Warming or 
Briley and McDonald. 

The report describes a finite-difference 
scheme for the simulation of flow in ar- 
bitrary three-dimensional coordinates, 
based on the pseudocompressibility meth- 
od. A computer program that implements 
this scheme is used to calculate the flow in 
the hot-gas manifold of the Space Shuttle 
main engine. The results of the computa- 
tion are found to compare favorably with 
data from tests and to offer information not 
readily available from experiments. 

This work was done by D. Kwak of 
Ames Research Center, J. L. C. Chang 
and R-J Yang of Rockwell International 
Corp., and S. £ Rogers of Sterling Federal 
Systems. Further information may be 
found in NASA TM-100038 [N90-20333], 
“Numerical Simulation Methods of Incom- 
pressible Flows and an Application to the 
Space Shuttle Main Engine . " 

Copies may be purchased [prepayment 
required] from the National Technical In- 
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra fee 
by calling (800) 336-4700. ARC-12199 

Computations of 

Impulsively 

Started Viscous Flow 

Progress in understanding 
a commonly studied 
flow is discussed. 

A report discusses the computation of 
the impulsively started flow of a viscous 
fluid about a circular cylinder. This and 
similar flow problems are studied quite 
commonly because they involve simple 
geometries and such important phenom- 
ena as the separation of flow, viscous 


drag, unsteady wakes, and vorticity The 
validation of methods for the computation 
of these phenomena is an important step 
in the development of the ability to simu- 
late flows in more complicated geome- 
tries; for example, in the design of airfoils. 
The cylinder model also has practical im- 
plications for such engineering problems 
as interactions of winds and currents with 
cylindrical structural members. 

The report begins with an introduction 
that includes a brief history of the use of 
the Navier-Stokes equations to simulate 
impulsively started flows about circular 
cylinders. It describes the present study, 
which involves the combination of an an- 


alytic short-time solution with a predictor- 
corrector algorithm to march the unsteady 
Navier-Stokes equations forward in time. 
Unlike in previous solutions, a uniformly 
valid initial flow that satisfies the Navier- 
Stokes equations is used to start the cal- 
culation. The algorithm is very simple, 
using an implicit Euler forward integration 
scheme with an upwind biased, third-order 
approximation for the convection term. The 
initial development of the symmetric flow 
field is calculated up to a nondimensional 
time of about 7, based on the free-stream 
velocity and the radius of the cylinder. 

The results of the computations are pre- 
sented for three combinations of grid spac- 
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ing and outer-boundary location. The re- 
sults show that the stagnation pressure at 
the nondimensional time of 0.1 after the 
impulsive start, as computed in this study, 
agrees well with that computed by an 
analytic approximation in a previous study. 
At later times, the pressures computed in 
the two studies diverge. The stagnation 
pressure computed in this study initially 
differs from, but then converges with, the 
stagnation pressure computed for a similar 
but inviscid flow. 

A detailed analysis of the force-density 
and acceleration vectors of the Navier- 
Stokes equations is presented in graphical 
form to make apparent the relative impor- 
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tance of the Navier-Stokes terms that rep- 
resent unsteady acceleration, convection, 
viscosity, and the gradient of pressure. 
Specifically, these vectors at the nondi- 
mensional time of 0.14 are plotted at 12 
points on a circle at 1.1 x the radius of 
the cylinder. These vectors indicate a 
strong balance between diffusion and un- 
steady effects in the direction parallel to 
the surface of the cylinder, and between 
convection and the gradient of pressure 
perpendicular to the surface of the cylin- 
der. This verifies the essential uncoupling 
of the viscous, rotational flow field and the 
inviscid, irrotational flow. 

This work was done by Sanford S Davis 
of Ames Research Center Further infor- 
mation may be found in NASA TM-101037 
[N 89-21 190], “ Computational Studies of an 
Impulsively Started Viscous Flow. ” 

Copies may be purchased [prepayment 
required] from the National Technical In- 
formation Service, Springfield, Virginia 
22161, Telephone No. (703)487-4650. 
Rush orders may be placed for an extra 
fee by calling (800) 33&4700. 
ARC-12382 

New Sensors for How 
Velocity and Acoustics 

Development programs 
promise more accurate 
measurements. 

A paper describes two sensor-develop- 
ment programs at the Fluid Mechanics Lab- 
oratory at NASA Ames Research Center. 
One of the programs, for digital image vel- 
ocimetry (DIV) sensors, is in progress. The 
other program, for advanced acoustic sen- 
sors for wind tunnels, has just been started. 

DIV measures, in real time, the instan- 
taneous velocity fields of time-varying flow 
or of a collection of objects moving with vary- 
ing velocities. DIV uses high-speed video 
photography, image processing, and digital 
Fourier transformation to create an image 
of seed particles or moving objects from 
linearly superposed frames taken at fixed 
intervals. The velocities of the particles or 
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objects are determined from the separations 
between subsequent images of them. 

DIV dffers from ether techniques for meas- 
uring the velocity fields of fluids (such as 
particle-image velocimetry and laser- 
speckle velocimetry) in that its single-expos- 
ure images can be isolated from the com- 
bined image. Single-exposure images can 
be used to eliminate uncertainties caused 
by overlaps and undesirable distributions of 
particles. 

The advanced acoustic sensors for wind 
tunnels are being developed to reduce the 
effects of interference from wind noise, noise 
from interactions between flows and sen- 
sors, flow-induced vibrations of sensors, de- 
flections of acoustic waves by boundary 
layers induced by sensors, and reflections 
from walls and sensor supports. The ad- 
vanced sensors include adaptive arrays of 
optical fibers in which signal processors 
automatically adjust the sensitivities of the 
arrays to enhance directivities and spectral 
responses. 

A representative array includes a source 
of light, optical-fiber interferometers, and a 
photodetector connected to a signal proc- 
essor. Sound modulates the phase of the 
light in the fibers. The modulated light is com- 
bined with unmodulated reference light, and 
the resulting interference signal is detected 
and sent to the signal processor, which ex- 
tracts information about the acoustic signal. 

This work was done by Y.C. Cho of Ames 
Research Center. To obtain a copy of the 
report, ” Sensor Development Program at 
NASA Ames Research Center,” Circle 64 
on the TSP Request Card. ARC-12577 

Direct Finite-Difference Sim- 
ulations of Turbulent Flow 

An upwind finite-difference 
scheme is compared with 
other numerical-integration 
schemes. 

A report discusses the use of an up- 
wind-biased finite-difference numerical-in- 
tegration scheme to simulate the evolution 
of small disturbances and fully developed 
turbulence in the three-dimensional flow 
of a viscous, incompressible fluid in a 
channel. In contrast with simulations in- 
volving approximate mathematical models 
of turbulence, direct simulation involves 
the use of a computational grid sufficient- 
ly fine to resolve the motion of the fluid 
at all relevant length scales. This study 
was motivated partly by the need to simu- 
late turbulent flows bounded by complicat- 
ed shapes and partly by the observation 
that the main advantage of finite-difference 
schemes over the highly accurate spec- 
tral methods lies in the relative ease with 
which finite-difference schemes can be 
applied to complicated shapes. The pur- 
pose of this study was to demonstrate the 
superior performance of high-order-ac- 
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curate upwind-biased finite-difference nu- 
merical-integration schemes in simulating 
turbulent flows and accurately predicting 
the higher-order statistics of such flows. 

The main text begins by presenting the 
Navier-Stokes equations of flow and an 
upwind-biased finite-difference scheme for 
solving them. The scheme uses a stag- 
gered grid and is a variant of a partially 
implicit, fractional-step scheme used in a 
previous study. The accuracy of the in- 
tegration method is first tested by com- 
puting the evolution of small-amplitude dis- 
turbances in channel flow. The scheme is 
then used to compute fully developed 
channel flow at a Reynolds number of 180 
(based on wall shear velocity and the half 
width of the channel). The results of these 
calculations are compared with experi- 
mental data and with spectral calculations 
of the same flow in a previous study, and 
the agreement is found to be good. The 
dissipative nature of the upwind-biased 
scheme is found to control aliasing error 
without unduly affecting the accuracy of 
the solution for grids of reasonable size. 

The results of simulations using a 
second-order-accurate central-difference 
numerical-integration scheme are also pre- 
sented. The inadequacy of the second- 
order accuracy of the scheme (for the grid 
size chosen) is demonstrated using the 
test cases mentioned above. An additional 
limitation of this scheme is that its stabili- 
ty is ensured only because it conserves 
kinetic energy. Deviations in the differen- 
cing technique that retained second-order 
accuracy but not the energy-conservation 
principle resulted in unstable solutions. 

The report ends by stating several con- 
clusions, including the following: While the 
shortcoming of the upwind method (nu- 
merical dissipation) can be overcome by 
use of additional grid points, the limitations 
of the spectral method are more funda- 
mental in nature. The use of central-dif- 
ference schemes depends on whether 
general-purpose aliasing-error-control pro- 
cedures can be found. The upwind-differ- 
ence code requires approximately the 
same amount of computing time per grid 
point for each substep in the Runge-Kutta 
numerical-integration scheme as spectral 
simulations do. At present, it appears that 
the high-order-accurate upwind-biased 
method is a good candidate for direct sim- 
ulations of turbulent flows associated with 
complicated shapes. 

This work was done by Man Mohan Rai 
of Ames Research Center and Parviz 
Moin of Stanford University. Further infor- 
mation may be found in AIM paper 89A- 
25312, “ Direct Simulations of Turbulent 
Flow Using Finite-Difference Schemes." 

Copies may be purchased [prepayment 
required] from AIM Technical Information 
Service Ubrary, 555 West 57th Street, New 
York, New York 10019, Telephone No. (212) 
247-6500. ARC-12463 
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Direct-Link Prehensor 


An operator-powered mechanical hand gives protection, dexterity, and proximity to the work. 


Ames Research Center, Moffett Field, California 



A mechanical prehensor replicates the 
movements of an operator’s hand and fin- 
gers just a few centimeters from the hand. 
Because it encloses the operator's hand in 
a protective shroud, the prehensor enables 
the operator to grasp, hold, and manipulate 
nearby objects in a hostile or hazardous en- 
vironment. The operator moves the prehen- 
sor through direct mechanical linkages; no 
electric motors or electronic circuits are 
needed. 

The prehensor has a “ring” finger, an “in- 
dex” finger, and a thumb, mounted on a sup- 
porting frame (see figure). The ring and in- 
dex fingers consist of three jointed links 
each, and the thumb consists of two jointed 
links. The thumb is positioned opposite the 
fingers in an anthropomorphic arrangement. 
A palm assistor — a disk projecting from 
the support frame — helps the mechanical 
fingers to hold objects, much like the palm 
of a human hand. 

The shroud is made of a rigid, gas-im- 
permeable material such as aluminum or 
molded fiberglass. It is joined to the support- 
ing frame by welding, bonding, or other 
means that produce a gas-tight seal. At its 
wrist end, the shroud is joined to a sleeve 
of the operator’s protective suit by a seal. 

Within the shroud, rings engage the vari- 
ous phalanges of the operator’s fingers. The 
operator’s middle and ring fingers are used 
in tandem to move the mechanical ring 
finger of the prehensor, and the operator’s 
index finger and thumb are used indepen- 
dently to move the mechanical index finger 
and thumb, respectively, of the prehensor. 


A Shroud Encloses 
the Operator's 
Hand, protecting it 
from vacuum, high 
pressure, or hazard- 
ous materials. The 
external mechani- 
cal fingers are made 
of materials com- 
patible with the ex- 
ternal environment. 


When the operator moves part of a finger, 
the movement is translated by mechanical 
linkages into similar movement of the cor- 
responding part of the mechanical prehen- 
sor. For example, when the operator rotates 
the distal phalange of the thumb about its 
joint, the distal-control link rotates about the 
distal-control joint on the thumb mechanism. 
This actuates a distal-control pushrod, the 
action of which rotates the distal thumb link 
about the distal link joint on the mechanical 
thumb. 

The ratio of motion of the mechanical fin- 
ger links to the corresponding control links 
is 1 to 1.1. With this ratio, the mechanical 
links can reach useful positions that would 
otherwise result in collisions between com- 
ponents of the control linkages. 


This work was done by John W. Jameson 

of Ames Research Center. For further in- 
formation, Circle 99 on the TSP Request 
Card. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to 
this invention. Inquiries concerning rights for 
its commercial use should be addressed to 
Stanford University 
Office of Technology Licensing 
350 Cambridge Avenue, Suite 250 
Palo Alto, CA 94306 

Refer to ARC-11666, volume and number of 
this NASA Tech Briefs issue, and the page 
number. 


Monitoring Bearing Vibrations for Signs of Damage 

Real-time spectral analysis is performed to detect telltale changes in vibrations. 


Marshall Space Flight Center, Alabama 


Real-time spectral analysis of vibrations 
is being developed for use in monitoring 
the conditions of critical bearings in ro- 
tating machinery. The underlying concept 
is simple and fairly well established: the 
appearance and growth of vibrations at fre- 
quencies associated with the rotations of 
various parts of a bearing system indicate 
wear, damage, and imperfections of man- 


ufacture. These frequencies include the 
fundamental and harmonics of the fre- 
quency of rotation of the ball cage, the fre- 
quency of passage of the balls, and the 
frequency of rotation of the shaft. 

Vibrations that originate in a ball-bearing 
assembly can be sensed by strain gauges 
mounted on the outer race. Heretofore, the 
outputs of strain gauges have been record- 


ed and analyzed after testing the ma- 
chinery. In the developmental technique, 
the output of a strain gauge is processed 
by commercially available spectrum-ana- 
lyzing equipment to obtain a power spec- 
tral density plot of the vibrations in real 
time (see figure). 

A change in the plot — typically, an in- 
crease in amplitude at a particular frequen- 
cy — indicates a particular type of damage. 
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Once this concept is developed into a re- 
liable technique for the detection of incip- 
ient failures, it may become permissible 
to disassemble the machinery less fre- 
quently for inspection and/or replacement 
of bearings. 

This work was done by Carol L Martinez 
of Rockwell International Corp. for Mar- 
shall Space Flight Center For further in- 
formation, Circle 15 on the TSP Request 
Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel. Marshall 
Space Flight Center [see page 20]. Refer 
to MFS-29734. 



This Instantaneous 
Power Spectral 
Density was com- 
puted from the output 
of a vibration-sensing 
strain gauge in a high- 
pressure oxygen 
turbopump of the type 
used in the Space 
Shuttle. The spectrum 
includes vibrations 
synchronous with the 
rotation of a similar 
nearby machine — a 
high-pressure fuel 
turbopump. 


Monitoring Engine Vibrations and Spectrum of Exhaust 

Vibration- and emission-spectrum “signatures” indicate the condition of the engine. 


Marshall Space Flight Center, Alabama 


Real-time computation of the intensities 
of peaks in the visible-light emission spec- 
trum of exhaust has been combined with 
real-time spectral analysis of vibrations into 
a developmental monitoring technique that 


provides up-to-the-second information on 
the conditions of critical bearings in an 
engine. The technique was conceived to 
monitor the conditions of bearings in a tur- 
bopump that supplies oxygen to the Space 


Shuttle main engine and is based on pre- 
vious observations that both vibrations in 
the bearings and the intensities of visible 
light emitted at specific wavelengths by the 
exhaust plume of the engine can indicate 
wear and incipient failure of the bearings. 
The concept may be applicable to monitor- 
ing the “health” of other machinery (e.g., 
automotive engines and industrial furnac- 
es) via the spectra of vibrations and elec- 


Hlstories of Intensities of Peaks at two frequencies in each of two spectra indicate the 
“health” of a turbopump bearing in a rocket engine. Displays like these can be produced 
on the screen of a personal computer in real time from the output of an emission spec- 
trometer and vibration-analyzing equipment. No further modification of the engine under 
test is required. 
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tromagnetic emissions from exhausts. 

This monitoring concept is related to the 
one described in the preceding article, 
"Monitoring Bearing Vibrations for Signs 
of Damage" (MFS-29734). In this case, 
however, instead of displaying the broad 
vibrational spectrum at a given instant, one 
displays plots that provide an up-to-the- 
second history of the intensities in (a) two 
narrow bands of the spectrum of vibrations 
and (b) two narrow bands of the emission 
spectrum of the exhaust (see figure). 


The frequency bands are selected on 
the basis of previous experience as being 
indicative of the condition of the engine: 
The appearance of certain anomalous wave- 
lengths in the exhaust can be correlated 
with the appearance of certain frequen- 
cies of vibration. By observing the evolu- 
tion of the plots, a test engineer can deter- 
mine when damage has become severe 
enough to warrant turning the machinery 
off or disassembling the machinery to in- 
spect or replace the bearings. 


This work was done by Carol L Martinez, 
Michael R. Randall, and John W. Reinert 
of Rockwell International Corp. for Mar- 
shall Space Flight Center For further in- 
formation, Circle 161 on the TSP Request 
Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 20]. Refer 
to MFS-29733. 


Dynamic Tester for Rotor Seals and Bearings 

A simplified apparatus measures performance under vibration. 

Marshall Space Flight Center, Alabama 


A testing apparatus measures some of 
the dynamic parameters of rotor seals and 
bearings. It tests damping seals, damping 
bearings, conventional seals (such as laby- 
rinth seals), and conventional bearings 
(such as ball bearings). It can be used with 
a variety of pumped liquids, from water to 
liquid oxygen or hydrogen. 

Designed primarily to test the bearings 
and seals of turbopumps, the tester rotates 
the shaft at high speed while liquid flows 
much as it would in a real turbopump. 
Meanwhile, the tester subjects the bear- 
ings and seals to vibration. It measures 
pressures at various points to determine 
leakage and dynamic parameters that de- 
pend on pressure. It also measures the 
deflections of the components. 

The version illustrated in the figure con- 
tains a set of four damping seals and two 
damping bearings to be tested. The liquid 
enters a hollow shaft under high pressure 
from both ends. The liquid flows out of the 
shaft along several paths, including through 
a reaction turbine, which generates a torque 
that drives the shaft without axial thrust. 
Small discharges of liquid at opposite ends 
of the shaft negate any residual axial load. 

The four damping seals to be tested are 
formed by the liquid that flows between 
the shaft and a grooved bushing that sur- 
rounds the shaft. The liquid flows into the 
damping seals through radial holes in the 
shaft. A pair of rods tangent to the bushing 
(only one is shown in the figure) vibrates 
the seals at frequencies different from the 
rotational frequency. Strain gauges on the 
rods measure the forces applied by the 
vibrator and the torque on the test seals 
from fluid-rotation drag. 

Pairs of orthogonal proximity probes on 
opposite ends of the shaft measure the 
deflections and vibrations of the shaft. 
Similar pairs of probes on opposite ends 
of the bushing measure the vibrations and 
deflections of the seal. 

An array of pressure gauges at critical 
locations measures inlet and discharge 
pressures. The back pressure in cavity A 
controls the shaft speed. The back pres- 


sure in cavity B controls the pressure drop 
across the test seals. 

Flowmeters measure the discharge of 
liquid from cavities A, B, and C, which are 
separated by labyrinth seals. The flow from 
chamber A is used to calculate the turbine 
torque. The flows from chambers B and 
C are used to determine the leakage 
through the damping seals and the damp- 
ing bearings. 

Because the tester contains no rolling- 
element bearings, it is highly reliable at 
high speeds. The shortness of its shaft 
eliminates resonances in the testing- 
speed range. It is simpler than previous 
testers were: it uses only one liquid; it has 
no gears, drive motors, or quill shafts; a 
single back-pressure valve controls shaft 
speed. Instrumentation is inserted from 
outside for ease of access and mainte- 
nance; electrical connectors are outside 


the housing, away from the test liquid. Be- 
cause it produces no axial thrust, rubbing 
is eliminated and special hydrostatic thrust 
bearings are unnecessary. 

The bearings can be machined off- 
center in the bushing to determine the ef- 
fects of eccentricity. Because four bear- 
ings are mounted, their eccentricities can 
be arranged symmetrically with respect to 
the midsection of the bushing; this elimi- 
nates excessive loads on the damping 
bearings. 

This work was done by George L. von 
Pragenau of Marshall Space Flight Cen- 
ter For further information, Circle 22 on 
the TSP Request Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 20] Refer 
to MFS-28493. 



Circumferential 

Groove 


Pressure Gauges 


High-Pressure Liquid Flows by diverse routes through the tester. Flow through the 
reaction turbine drives the hollow shaft. Flow through the radial holes in the shaft to the 
inner surface of the bushing forms the damping bearings. Flows at the ends of the shaft 
balance residual axial thrust. 
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Like the cheetah, the Balzers 520M magnetically 
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Trailing Shield for Welding on Pipes 

Weld beads remain covered with inert gas until safely cooled. 
Marshall Space Flight Center, Alabama 


A trailing shield ensures that a layer of 
inert gas covers the hot, newly formed 
bead between two tubes or pipes joined 
by plasma arc welding. The inert gas pro- 
tects the weld bead from oxidation by the 
air until it is cooler and less vulnerable to 
oxidation. The trailing shield is intended 
especially for use on nickel-base alloy 
pipes, on which weld beads remain hot 
enough to oxidize after the primary inert- 
gas purge from the welding-torch cup has 
passed. 

Unlike previous shields, the new shield 
does not require a silicone-cloth skirt to 
keep outside air from entering the gap be- 
tween the edges of the shield and the 
workpiece. Instead, the internal contour of 
the shield creates a steady flow of inert 
gas to the bead so that no air can reach 
it. It provides better protection against ox- 
idation than does a skirted shield. 

The new shield is a segment of curved, 


The Tubular Shield 
Partially Encircles a 

pair of pipes at a weld 
joint between them. In- 
ert gas diffuses into 
the shield through a 
porous tube, covering 
the hot weld joint. The 
shield follows the 
welding torch as it ad- 
vances. 


open-walled aluminum pipe that trails the 
welding-torch cup (see figure). The seg- 
ment is contoured to match the circum- 
ference of the pipes to be welded while 
maintaining a uniform 0.125-in. (3.2-mm) 
gap. The inert gas enters the shield through 
a sintered stainless-steel tube. The cross 
section of the shield is shaped to direct the 
gas to the workpiece in tight turbulent 
swirls. The gas leaves the shield through 
the gaps at the edges, excluding exterior air. 

This work was done by John B. Coby, Jr., 
and Kenneth J. Gang I of Rockwell Interna- 
tional Corp. for Marshall Space Flight 
Center No further documentation is avail- 
able. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 20]. Refer 
to MFS-29743. 



Smaller Coaxial-View Welding Torch 

This torch resembles an ordinary torch without optics. 


Marshall Space Flight Center, Alabama 


A coaxial-view torch for gas/tungsten 
arc welding has only two-thirds the length 
and width of its predecessor. The shape 
and size of the new torch are similar to 
those of a commercial arc-welding torch 
(Linde HW-27 or equivalent), even though 


it contains a lens system (see Figure 1). 
In addition, the collet that holds the elec- 
trode has unique design that allows greater 
passage of light than earlier designs did. 

Because the redesigned torch is so 
much smaller, it can be used in small 
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Figure 1. The Optics in the Welding Torch 
are concentric with the electrode. The prin- 
cipal virtue of this design is its relative 
smallness. 

spaces that were previously inaccessible. 
In addition, because it is so like the com- 
mercial version, it can be introduced into 
production welding operations with a mini- 
mum of disturbance. 

The torch, mounted on a welding robot 
(see Figure 2), forms an image of the weld 
seam and of the molten pool around the 
electrode axis. The image is used for re- 
mote monitoring by an operator or for 
closed-loop computer control of the robot. 

The optical components in the torch are 
self-aligning, standard-sized parts. These 
components can be changed easily to ob- 
tain different magnifications. 

This work was done by Kenneth J. Gang! 
of Rockwell International Corp. for Mar- 
shall Space Flight Center No further 
documentation is available. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 20]. Refer 
to MFS-29744. 
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Figure 2. The Welding Torch, with its integral optical system, is mounted on one end 
of a welding robot. 
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We Can Convert Anyone 

With over 20 years experience, 
Folsom Research has built a 
worldwide reputation for superior 
products and leading-edge 
technology. Our products are 
currently used by most 
Fortune 500 companies. 
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• Video frame grab. 

• Digital frame buffer access. 

• Support for multiple 
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• On-board V-LAN™ for 
controlling single-frame 
recorders, videodisks, and 
editing systems. 

• Medical, video, and radar 
products available. 

Call Us to Find Out Which 
Product Will Convert You! 
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Generation of Surface Grids From Data Points 

Grids are constructed by interpolation and blending of patches. 

Ames Research Center, Moffett Field, California 


A computational procedure generates 
grids on complicated three-dimensional 
surfaces (eg., those of airplanes) from sets 
of data points (e.g., those generated by 
computer-aided design systems) that lie 
on and specify those surfaces. Such grids 
are needed to compute flows over the sur- 
faces. Starting with grouping of possibly 
sparse surface points into lines and/or 
patches, the procedure involves interpola- 
tion within and blending of lines and/or 
patches and possibly the redistribution 
and reassembly of patches to obtain a 
finished system of zonal patch grids that 
match at the boundaries between them. 
The procedure can be semiautomated 
via a computer program that performs all 
steps except the selection of patches 
and interpolation points, which are left to 
the discretion of the user. 

The original data on the surface points 
cannot usually be used in raw form and 
must be preprocessed. For example, a fu- 
selage might be represented by sets of 
points that vary widely among different 
cross sections, wing/fuselage intersections 
may be undefined, and there may not be 
enough points to represent the surface ac- 
curately in areas of large curvature. In ad- 
dition, it is necessary to group the data in- 
to the network of patches, which is to 
serve later as the basis for a global block 
structure. To perform the necessary pre- 
processing, the procedure includes an al- 
gorithm, called the "geometry data proc- 
essor," which acts like a data editor in that 
it provides for the insertion, deletion, and 
redistribution of surface data points. It can 
also smooth a sectional curve by interpo- 



INITIAL SURFACE GRIDS: 
INTERSECTION UNKNOWN 


The Curve of Inter- 
section of a vertical 
surface grid of 8 by 5 
points with a horizon- 
tal surface grid of 21 
by 5 points is initially 
unknown. An iterative 
procedure finds the 
curve of intersection. 
Additional grid points 
and lines are then inter- 
polated and matched 
at the intersection. 


lating and segmenting it into any number 
of pieces. These functions are all per- 
formed in conjunction with interpolation 
between data points on curves via piece- 
wise parametric cubic polynomials. 

Once the initial geometric data have 
been preprocessed, an algorithm called 
the "surface grid generator" interpolates 
each patch to a grid of m by n points with 
distribution functions on its boundaries (m, 
n , and the distribution functions are speci- 
fied by the user). Here, the interpolation 
technique of the geometry data preproc- 
essor is extended to bicubic parametric 
interpolation. The surface grid generator 
also finds the intersection of two surfaces 
via a parametric equation, based on the in- 
terpolation scheme, for the intersection of 



INTERSECTION FOUND 



GRIDS ENRICHED AND 
MATCHED AT INTERSECTION 

one surface with a curve in the other sur- 
face (see figure). The equation is solved 
by the Newton-Raphson method; conver- 
gence is usually obtained within three to 
four iterations. 

This work was done by Raymond Ching- 
Chung Luh of Ames Research Center 

Further information may be found in NASA 
TM-101046 [N89-13747], " Surface Grid 
Generation for Complex Three-Dimen- 
sional Geometries.” 

Copies may be purchased [prepayment 
required] from the National Technical In- 
formation Service, Springfield, Virginia 
22161, Telephone No (703) 487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 336-4700. 

ARC-12481 


Algorithm Reveals Sinusoidal Component of Noisy Signal 

The product of the analysis is presented in easy-to-interpret graphical form. 


Marshall Space Flight Center, Alabama 


An algorithm performs a simple statisti- 
cal analysis of a noisy signal to yield a pre- 
liminary indication of whether or not the 
signal contains a sinusoidal component. 
The algorithm is suitable for the preproc- 
essing or preliminary analysis of vibrations, 


fluctuations in pressure, and other signals 
that include large random components. 
The algorithm is implemented on a per- 
sonal computer by an easy-to-use program. 

The success and utility of the algorithm 
depend on several assumptions. One is 


that the signal has been digitized at a 
sampling rate high enough to capture any 
sinusoidal component, and preferably con- 
siderably higher than the frequency of 
oscillation of the sinusoidal component. 
The second assumption is that the prob- 
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Circle Reader Action No. 524 


symbolics , Inc. 


MACSYMA Division 




Imagine 
having 
the power 
to experiment.^ 


Imagine having more time to ponder the 
abstract, rather than having to derive the solution. 

With MACSYMA* symbolic math software you can! 

No other software today packs the computa- 
tional power, versatility, and reliability of MACSYMA. 
MACSYMA can tackle any mathematical application you 
may have, whether in algebra, calculus, trigonometry, 
or practically any other branch of higher mathematics. 
It gives you problem-solving tools such as Laplace and 
Fourier transforms, Taylor and Poisson series, solution 
of first and second order differential equations, solu- 
tions to integrals, and more. It gives you sophisticated 
2-D and 3-D graphics, and can convert your equations 
into Fortran or *C for optimal numeric performance, or 
TgX for inclusion in publications. 

MACSYMA provides unequalled accuracy too, 


with your choice of 
exact or arbitrary 
precision arithmetic, 
and gives you results at 
^ t speeds from 10 to 100 

times faster than traditional 
^ 7* methods. 

All this power is 
remarkably easy to use. With 
the help of the User’s Guide, 
extensive on-line docu mentation, 
executable examples and demon- 
strations, and the Quick Reference 
Card, a beginning MACSYMA user can quickly 
become proficient, tackling problems that might 
otherwise have been too difficult or time-consuming. 

Whatever your application — engineering, 
science, economics or pure math — your work is too 
important to trust to any other math software. You 
deserve MACSYMA. 

More than just a system for doing mathemat- 
ics by computer, it’s the power tool for mathematics. 

Call 1-800-MACSYMA* about our newest release, featuring: 

• reduced prices • ports to more RISC platforms 

• expanded features, including graphics for X windows 



LABTECH 9 Opens Windows 

NOTEBOOK "and CONTROL" Run 

Under Windows and X-Windows 

Now... LABTECH NOTEBOOK, our general - 
puipose data acquisition, analysis, and control 
software, along with LT/CONTROL, the 
process monitoring and control software from 
our Industrial Products Division, supports both 
Microsoft Windows™ and X- Windows™. 

With this advance, LABTECH lets you take 
advantage of all the features of Windows 
software, including multitasking, whether you 
are using a PC or a UNIX or VMS workstation. 

Our software is available for the widest 
selection of operating environments and I/O 
devices. LABTECH is dedicated to cross- 
platform compatibility. If you change com- 
puters, you can also transfer your LABTECH 
software. 

Opening Windows while maintaining that 
compatibility...another example of our commit- 
ment to protecting your software investment. Of 
course, LABTECH software is still available for 
MS-DOS and OS/2. 

For more information, call or fax: 


LABTECH 

400 Research Drive 
Wilmington, MA 01887 
Tel.: 508/657-5400 
Fax: 508/658-9972 


The product* mentioned above are trademark* of their respective companies 
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Figure 1 . These Statistical Distributions are easily distinguishable. 
Thus even a non-expert user can examine the output of the algorithm 
and draw a preliminary conclusion as to whether or not a signal 
contains a sinusoidal component. 




Figure 2. The Raw Signal Data of the upper plot were processed by 
the algorithm to obtain the statistical distribution of the lower plot. 
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ability distribution (statistical frequency vs. 
amplitude) of the random (noisy) compo- 
nent of the signal has only one peak at a 
mean amplitude (e.g., a Gaussian distribu- 
tion). The third assumption is that only one 
sinusoidal or approximately sinusoidal com- 
ponent is present. 

The algorithm begins by scanning all 
the samples in the time series to identify 
the maximum and minimum signals. Then 
it divides the amplitude interval between 
the maximum and minimum signals into 
subintervals (statistical bins), the number 
of which is specified by the user. Next, the 
algorithm creates a crude probability dis- 


tribution by sorting the samples into bins 
according to their amplitudes. This 
distribution is presented graphically as a 
histogram. If many data are available, the 
histogram can be fairly fine-grained, 
approaching a smooth probability 
distribution. 

Figure 1 illustrates how to interpret the 
graphical output. If the signal oscillates 
randomly about a single mean, then the 
plot shows a single (e.g., Gaussian) peak. 
If a sinusoidal component is present, then 
there are two peaks — one at each of the 
two extremes of the sinusoidal oscillation. 

Figure 2 illustrates an application to real 


data. The upper plot represents sampled 
measurements of pressure in the combus- 
tion chamber of a rocket engine during a 
test firing. The data in the upper plot were 
processed by the algorithm to obtain the 
lower plot. The lower plot has only one 
main peak, suggesting that the pressure 
signal contains little or no sinusoidal 
component. 

This work was done by Lloyd C. Kwok 
of Rockwell International Corp. for Mar- 
shall Space Flight Center For further in- 
formation, Circle 153 on the TSP Request 
Card. 

MFS-29688 


Fast Parallel Computation of Manipulator Inverse Dynamics 

Multilevel parallelism is exploited by an MIMD-SIMD special-purpose parallel architecture. 


NASA’s Jet Propulsion Laboratory, Pasadena, California 


A method for fast parallel computation 
of the inverse dynamics problem, which 
is essential for real-time dynamic control 
and simulation of robot manipulators, is 
undergoing development. The method en- 
ables the exploitation of a high degree of 
parallelism and, hence, the achievement 


of a significant computational efficiency, 
while minimizing various communication 
and synchronization overheads as well as 
the complexity of the required computer 
architecture. Unlike previous methods de- 
veloped for this purpose, this one does not 
represent an attempt to exploit the possibly 


suboptimal capabilities of any specific 
parallel computing architecture for the 
problem. Instead, this method first starts 
by analyzing parallelism at several com- 
putational levels in the Newton-Euler form- 
ulation of the inverse dynamics problem 
and by designing algorithms for efficient 
exploitation of parallelism. A special- 
purpose parallel architecture is then 
designed and developed for efficient im- 


The Universal Real-Time Robotic Controller and Simulator (URRCS) consists of an 
internal host processor and several SIMD processors with a ring topology. The archi- 
tecture is modular and expandable: more SIMD processors can be added to match 
the size of the problem. The SIMD processors can operate asynchronously and in a 
MIMD fashion. 



THE URRCS ARCHITECTURE 



AF: Address Field. IF: Instruction Field. CF: Control Field, PE: Processing Element. 

THE SIMD PROCESSOR ARCHITECTURE 
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Sealed Mercury Ro- 
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Zero Maintenance 
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Mount In Any Orientation 

A variety of standard and custom 
ROTOCON models are available 
to fit your mounting configuration, 
rotation speed, and current re- 
quirements (up to 2000 Amps!). 


Call: 

800-837-6010 

or 608-836-7571 (FAX 608-831-0300 TELEX 754381) 

meridian laboratory 

2415 Evergreen Road, P.O. Box 156, Middleton, W1 53562-0156 
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GRAPHICS 
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MICROCOMPUTER. 
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GRAPHICS DEVICES. 
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GENERATE XY CHARTS, SURFACES, 
[CONTOURS . 2- AND 3- DIMENSIONAL 

DESIGNS. 
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Galaxy Appued Engineering, Inc. 
770 Airport Boulevard 
Burungame. California 94010 
TEL (4 15) 347-9953 
FAX (4 15) 347-9536 


plementation of the algorithms. 

A hierarchical graph-based approach is 
proposed to study parallelism at several 
computational (or, abstraction) levels, the 
algorithm and the architecture for exploita- 
tion of the algorithm, the relationships bet- 
ween various algorithmic and architectural 
features, and efficient design tradeoffs. At 
each level, an algorithm is regarded as the 
application of a parallel model of computa- 
tion that transforms the computation into 
a graph. Each node of the graph repre- 
sents an operation or a set of operations 
on a subset of data, and the directed arcs 
represent the data dependencies among 
the nodes. The graph is then mapped on 
an abstract parallel architecture wherein 
the nodes represent the processors and 
the arcs represent the communication 
structure of the architecture. 

The mapping process is continued by 
proceeding through levels of increasing 
detail, further refining the features of the 
abstract architecture by making efficient 
algorithmic/architectural design tradeoffs 
at each level. The behaviors of the algo- 
rithms are described in terms of the flow 
of data through the graph, which defines 
the computation time and the sequencing 
of the abstract architecture. The exact 
features of the target architecture are de- 
fined by optimizing the abstract architec- 
ture for maximum exploitation of the prop- 
erties of the algorithms while minimizing 
the architectural complexities. 

This approach has led to the successful 
development and implementation of the 
Universal Real-Time Robotics Controller 
and Simulator (URRCS), which is an algo- 
rithmically specialized, highly parallel 
MIMD/SIMD architecture (see figure), 
where MIMD and SIMD stand for “multi- 
ple-instruction/multiple-data” and “single- 
instruction/multiple-data” types of parallel 
architecture. The practical implementation 
of the Newton-Euler formulation for a six- 
degree-of-freedom (DOF) general (i.e., with 
no optimization) robot manipulator has 
shown that the inverse dynamics can be 
computed in 187 /is. The increase in com- 
putation time for each additional DOF is 
23 /is, which leads to a computation time 
of less than 500 /is, even for a 12-DOF re- 
dundant robot manipulator. Such a per- 
formance enables the implementation of 
the most advanced dynamics-control 
schemes with a sampling rate greater than 
1 kHz. The approach of this work has also 
been applied for the development of the 
Robot Mathematics Processor (RMP), 
which is a faster and more elaborate suc- 
cessor to the URRCS. 

This work was done by Amir Fijany and 
Antal K. Bejczy of Caltech for NASA’s Jet 
Propulsion Laboratory For further infor- 
mation, Circle 5 on the TSP Request Card. 
NPO-18080 
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Instrument Measures Ocular Counterrolling 

A compact, battery-powered, noninvasive unit replaces several pieces of equipment and an operator. 
Lyndon B. Johnson Space Center, Houston, Texas 



SUBJECT SELF-ADMINISTERING TEST 



INSTRUMENT ALONE. SHOWING SOME COMPONENTS 


The Compact, Battery-Powered Instrument enables a subject to self-administer tests 
for ocular counterrolling. 


An instrument that looks like a pair of 
goggles with a small extension box meas- 
ures ocular counterrotation, which is the 
torsional motion of the eye in the direc- 
tion opposite that of the tilt of the head 
relative to the ground and/or caused by 
muscle-stretch receptors in the neck. The 
instrument, called the “otolith tilt-transla- 
tion reinterpretation” (OTTR) goggles, is 
used in studies of space motion sickness. 
The instrument was developed to test the 
OTTR theory, which suggests that, after the 
central nervous system has adapted to 
microgravity, otolith signals elicited by tilts 
of the head in normal Earth gravity are in- 
terpreted as indications of linear transla- 
tion. The OTTR goggles can also be adapt- 
ed to use on Earth and determine the 
extent of impairment in patients who may 
have impaired otolith functions. 

Excluding mounting suctions cups and 
the face mask that make contact with test 
subject or patient, the main part of the in- 
strument is contained in a box 10.5 by 5.5 
by 2 in. (26.7 by 14 by 5.1 cm). It measures 
the torsion of the eye by measuring the 
relative motion of an afterimage briefly im- 
printed on the retina by a flash of light. 
Previously, such measurements had to be 
performed in a darkened laboratory by one 
or two operators in addition to the test sub- 
ject, who was restrained on a large tilt 
table. Assorted photographic equipment on 
test stands was employed. 

The new instrument contains electron- 
ics, flash, target, display, and mechanical 
components in a single unit. It is mounted 
on a wall or cabinet with suction cups and 
operated by the test subject alone. The 
subject presses against the face mask to 
close out ambient light. A strap encircling 
the subject’s head helps to maintain a tight 
fit (see figure). 

The subject turns on the angle-indicat- 
ing display in the goggles and sets a target 
to 0° (that is, perpendicular). The display 
is then turned off. Next, a cue light in the 
middle of the target is turned on; the sub- 
ject focuses on this light and presses the 
flash button. The flash imprints the image 
of the target on the retina. Thereafter, a 
light is strobed twice per second to main- 
tain the afterimage. The subject straight- 


ens the head and rotates the target until 
it becomes aligned with the afterimage. 
The subject turns on the display once 
more and records its position. This pro- 
cedure is done for initial head angles of 
0°, 15°, 30°, and 45° 


This work was done by Barry M. Levitan 
and Millard F. Reschke of Johnson Space 
Center and Lawrence N. Spector of Krug 
International. For further information, Cir- 
cle 50 on the TSP Request Card. 
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Capillary-Effect Root-Environment System 

Capillary forces in a membrane prevent excess flow. 

John F. Kennedy Space Center, Florida 



Nutrient Solution Is Circulated at a slight tension in a cavity filled with plastic screen and 
covered by a porous plastic membrane. By adsorptive attraction, the root draws solution 
through the membrane. 


The capillary-effect root-environment 
system (CERES) is an experimental appa- 
ratus for growing plants in nutrient solu- 
tions. Although the apparatus was con- 
ceived for use in the microgravity of space, 
it may also find terrestrial application in 
germinating seedlings, because it can pro- 
tect them from extremes of temperature, 
moisture, and soil pH and from overexpo- 
sure to fertilizers and herbicides. 

The CERES includes a plastic screen in 
a recess in a plastic plate (see figure). A 
porous membrane is placed over the screen 
and sealed at the edges of the recess. Root 
hairs are placed on the membrane. 

Hydroponic water solution flows from a 
container through the interstices of the 
screen, beneath the membrane. A peristal- 
tic pump returns the solution to the con- 
tainer. Where a root touches the mem- 
brane, its adsorptive attraction draws the 
solution through the membrane so that it 
forms a film around the root. A slight ten- 
sion in the flowing water prevents exces- 
sive accumulation on the outside surface 
of the membrane. 

The roots are thus supplied continuous- 
ly with water and nutrients as well as with 


air, while the flow of the solution is con- 
trolled. Capillary forces in the membrane 
help to regulate the flow. Tomato plants 
grown in a prototype of the apparatus were 
similar in size and shape to those grown in 
a more conventional hydroponic trough 
with a thin film of flowing nutrient solution. 


Root hair was strongly developed and 
roots were healthily branched. 

This work was done by Bruce D. Wright 
of Colorado State University for Kennedy 
Space Center. For further information, 
Circle 68 on the TSP Request Card. 
KSC-11350 
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New on the Market 



Pictured above is a new pre-engi- 
neered construction system from 
Crystal Mark Inc., Glendale, CA, 
that produces rigid frameworks 
using extruded aluminum frame 
members and aluminum diecast 
corners fastened by concealed 
bolts. Complex enclosures can be 
created from over 50 angled extru- 
sions and matching corner castings. 
Circle Reader Action Number 790. 


Virtual Prototypes Inc., Montreal, 
Quebec, has released version 2.0 of 
VAPS (Virtual Applications Proto- 
typing System), a pictorial software 
tool for user- interface prototyping, 
automatic code generation, real- 
timesimulation, and training. Suited 
for design of avionics and console 
displays, VAPS rapidly creates and 
animates display consoles using 
graphical objects. An advanced 
communications package enables 
its virtual prototypes to interface 
with other software programs. VAPS 
2.0 runs on Iris 4D, Indigo, RS/6000, 
SPARCstation, and HP 9000 Series 
700 computers. 

Circle Reader Action Number 800. 



BeamGrabber, a new laser beam 
diagnostic system from Photon Inc., 
Santa Clara, CA, quickly and cost- 
effectively tunes laser cavities and 
qualifies the energy distribution of 
optical beams. At rates up to 60 
Hz, BeamGrabber captures, digi- 
tizes, and displays beam distribu- 
tion patterns while arithmetic proc- 
essors provide continuously up- 
dated, numeric beam values. Cam- 
eras serving as beam detectors are 
re-engineered to provide linear 
read-out across the entire active 
area. BeamGrabber features auto- 
mated beam tracking functions, a 
touch-button control panel, and 
high-speed I/O ports. 

Circle Reader Action Number 792. 


Sun Microsystems, Mountain View, 
CA, has introduced the SPARC-en- 
gine® IPX 1M , the first single-board 
computer to include built-in graph- 
ics along with a RISC processor and 
networking. Powered by a 40 MHz 
microprocessor, the SPARCengine 
IPX offers 24.2 SPECmarks perform- 
ance. It supports the OpenWin- 
dows ,M environment, which fea- 
tures the intuitive OPEN LOOK® 
graphical user interface and 15 
DeskSet ,M productivity tools. 

Circle Reader Action Number 794. 



Alpha Omega Instruments Corp., 
Norton, MA, has introduced a line 
of thermoelectric cooler control- 
lers for use with a variety of mod- 
ules. The bipolar temperature con- 
trollers feature a linear-constant 
current source, proportional and 
integral temperature control, front- 
panel temperature adjustment, TEC 
current, and loop gain. Applications 
include cooling of laser diodes, IR 
detectors and arrays, integrated cir- 
cuits, CCDs, thin-film chemistry, 
and aerospace components. 

Circle Reader Action Number 798. 

A new RGB CCD color video cam- 
era developed by American Inno- 
vision Inc., San Diego, CA, displays, 
analyzes, and archives true-color 
low-light images. The camera fea- 
tures user-selected sensitivity, a 
high-resolution monitor display, 
and archiving capability on optical 
disks, tape, and hard or floppy disks. 
The camera has been used for mi- 
croscopic low-light applications 
such as fluorescent antibody studies 
and DNA probe analysis. 

Circle Reader Action Number 796. 



A low-cost, miniature Hall-effect 
magnetic field sensor is available 
from FW Bell Inc., Orlando, FL. 
Priced at $8.50, the solid-state GH- 
600 Hall generator provides mag- 
netic sensitivity from 50 to 1 20 mV. 
It features high input impedance 
and requires a low current. 

Circle Reader Action Number 788. 
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New on the Market 


Maxwell Laboratories Inc., San 
Diego, CA, has developed a line of 
miniature double-ended capacitors 
for use in pulsed electronic circuits 
of high-power lasers. Constructed of 
foil polypropylene, the capacitors 
have up to 25 times the capacitance 
of ceramics and exhibit a smaller 
temperature coefficient of capaci- 
tance. Additional applications in- 
clude filters for high-voltage DC 
power supplies, electrostatic copy- 
ing machines, electron micro- 
scopes, and CRT power supplies. 
Circle Reader Action Number 716. 


A video optical inspection system 

designed by Flexbar Machine 
Corp., Islandia, NY, enables users to 
view surface finishes at the macro or 
micro level, to determine deviations 
from standard dimensions, and to 
verify tolerances. It incorporates 
a compact video camera, micro- 
zoom or macro-zoom lenses, and a 
video monitor. An optional video 
micrometer superimposes a cali- 
brated screen on the monitor for 
accurate and repeatable measure- 
ments of distances and dimensions. 
Circle Reader Action Number 718. 


A 5-GHz fiber optic transmitter 

introduced by Ortel Corp., Alham- 
bra, CA, uses a distributed feedback 
laser with a single optical line to 
make dispersive effects virtually 
nonexistent, improving transmis- 
sion quality over long distances. 
The model 3540A transmitter is 
equipped with an optical isolator 
that reduces overall loss in the fiber 
optic link by 10 Db. The device 
transmits analog microwave signals 
over single-mode fiber at 1300 nm 
optical wavelength. 

Circle Reader Action Number 726. 


The Light Brigade, Renton, WA, has 
produced a series of fiber optics 
training videos. The first in the 
series, Introduction to Fiber Optics, 
covers optical theory and fiber 
structure. Other tapes describe fiber 
optic cable and preparation, splic- 
ing and characterization, testing 
and troubleshooting, lasers and de- 
tectors, and applications. 

Circle Reader Action Number 728. 

The Video/1 product family from 
Psitech Inc., Fountain Valley, CA, 
provides high-speed compression, 
decompression, and display for 
real-time video applications. A 
JPEG processing card, accepting 
any RS-170, NTSC, Pal, or Secam 
signal, captures an image frame and 
stores up to 8 MB of local memory. 
It supports compression ratios of up 
to 200:1 . An image display card de- 
compresses and displays images on 
a high-resolution buffer at 30 frames 
per second for full motion or still 
video capabilities. 

Circle Reader Action Number 722. 


Ariel Corp., Highland Park, Nj, has 
introduced the V-C40, a VMEbus 
coprocessor board that delivers 
twice the processing power and 
four times the input and output 
bandwidth of current 6U VMEbus 
coprocessor cards. Its four TMS- 
320C40 DSP chips deliver process- 
ing power of 1.1 BOPS and data 
movement of 1 .3 Gbytes/sec. Each 
chip has two independent 32-bit 
address buses and six 20-MB/sec 
parallel interprocessor communica- 
tion ports. Applications include 
speech and pattern recognition, 
simulation, and virtual reality. 
Circle Reader Action Number 720. 


Photometries, Tucson, A Z, has pro- 
duced a digital, cooled CCD cam- 
era integrated with powerful image 
processing software running under 
Windows 3. The model ATC200 
camera provides 1 2, 1 4, or 1 6 bits/ 
pixel over spatial resolutions from 
5 1 2 x 51 2 to 2048 x 2048 pixels. It is 
suited for applications requiring 
low-light imaging, low contrast de- 
tection, or wide dynamic range. 
Circle Reader Action Number 724. 


94 


Circle Reader Action No. 412 


NASA Tech Briefs. December 1991 







New Literature 



Dynamic Pressure Measurement 
Technology , a new textbook from 
Endevco Corp., San Juan Capis- 
trano, CA, emphasizes applications 
and practical techniques for meas- 
uring dynamic pressure phenom- 
ena. Featuring over 150 illustra- 
tions, the text reviews the basics of 
pressure transducer selection, in- 
stallation, signal conditioning, and 
calibration. 

Circle Reader Action Number 710. 


Rexroth Corp., Rockford, IL, has re- 
leased a catalog of pneumatic servo 
systems and components. The 20- 
page publication describes fea- 
tures, specifications, dimensions, 
and applications, as well as pro- 
gramming capabilities and configu- 
rations. The systems provide posi- 
tioning accuracy up to ±.0004" and 
speeds up to 1 1 .5 ft/sec using modu- 
lar NC-controlled linear actuators, 
which serve as building blocks for 
custom multi-axis systems. 


Circle Reader Action Number 708. 



A four-color brochure from Hobart 
Tafa Technologies Inc., Concord, 
NH, describes HAWCS II, an inno- 
vative robotic motion and process 
control system. The hardware and 
software system enables complete 
control of robotic thermal spray or 
welding cells from a single console. 
HAWCS II can be incorporated into 
turnkey systems for thermal spray- 
ing (plasma, electric arc, HVOF, or 
combustion), welding (VPPA, MIG, 
Dabber, TIG, or PTA), and waterjet 
stripping of metal coatings. 

Circle Reader Action Number 712. 


A six-page optical table specifica- 
tions guide is available from Kinetic 
Systems Inc., Roslindale, MA. The 
publication details the performance 
characteristics and configurations 
of the VIBRAPLANE line of optical 
tables and describes isolated and 
nonisolated support systems. 

Circle Reader Action Number 714. 

A catalog from Mechanical Prod- 
ucts Inc., Jackson, Ml, features high- 
precision circuit breakers in con- 
figurations from 0.05A to 200A. The 
new Series 24 switchable circuit 
breaker offers single- and two-pole 
protection and a lighted power 
switch or optional toggle handle. 
Circle Reader Action Number 702. 



A full-color brochure describes pre- 
cision machining services available 
from Westinghouse Electric Corp.'s 
Electro-Mechanical Division, Pitts- 
burgh, PA. The firm's automated 
flexible machining cells machine 
parts up to 2500 pounds at toler- 
ances of 0.0001 inches. Operators 
are experienced in machining nu- 
clear-grade components and work 
with a variety of materials including 
Inconel, carbon steels, and many 
grades of stainless steel. 

Circle Reader Action Number 706. 

Principles of Temperature Control, 

a 24-page tutorial, is offered free of 
charge by West Instruments, East 
Greenwich, Rl. The booklet's four 
sections discuss the control system, 
load characteristics, control modes, 
and process control characteristics. 
Circle Reader Action Number 704. 



WEST 

N5TOUfcfNTS 


FOCUSED FIELD 
ROTARY TRANSFORMERS 


Non-contact Stationary-to-Rotary 
Links for Power Transfer 
Measurement Signals 



□ Zero Wear. 

□ Zero Friction. 

□ Zero Maintenance. 

□ 20 , 000 * RPM. 

□ Single or Multiple Channels. 

□ Use with Variable Resistance Transducers: 

■ Strain Gages ■ Thermistors 

■ RTD's ■ Potentiometers 

□ Power to 450W (@220VAC, 60Hz) 


By eliminating all physical contact between rotating and stationary 
components, the new Focused Field Rotary Transformers provide 
stable electrical connections which are unaffected by high rotating 
speeds and/or continuous operation. 



meridian laboratory 53562 

800-837-6010, or 608-836-7571 (fax 608-83 1-03001 


Circle Reader Action No. 344 


LOOKING FOR A 
RUGGED, RELIABLE 
MASS SPECTROMETER 
LEAK DETECTOR? 





LOOK TO 
AMETEK'S 
1120He 


Easy to 
maintain, 


easy to operate unit with unique 
Diatron-4™ detector element 
can sense helium leaks in pres- 
surized or evacuated parts and 
systems. Fast-acting 1.5 second response time. 
The Model 1120He with solid-state electronics is sensi- 
tive enough to detect one part of helium in 10 million 
parts of air. Minimum detectable leak rate: 5 x 10 11 
atm cc/sec of helium. Units also available for argon 
detection. For technical literature, contact AMETEK, 
Process & Analytical Instruments Division, 150 Freeport 
Road, Pittsburgh, PA 15238. Tel: 412-828-9040. 


Fax: 412-826-0399. 


•Previously marketed 
as DuPont 120SSA; 
kits for updating units 
with solid-state elec- 

PROCESS & ANALYTICAL INSTRUMENTS DIVISION tronics available 
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Circle Reader Action No. 436 


To Advertise— Call (212) 490-3999 



IO GENERAL PURPOSE COMPUTING APPLICATIONS I 


25MFLOP performance using the DSP32C and up 
♦o a megabyte of fast dedicated memory 

**■ Unique onboard software system (QAPOS) makes 
theQAPl a stand alone DSP computer, reody to 
tackle your most complex applications - and you 
won't have to write a single line of DSP32C code 

**■ The ESSENTIAL COMBINATION - complete hardware 
and software system with 256K RAM - $1000 

**■ Call or write for more Information and brochures 


TUCKER-DAVIS TECHNOLOGIES 

4647 N.W 6th Street. Gainesville. FL 32609 
Phone (904) 375- 1623 Fax: (904) 375 - 4523 


PEM' SELF-CLINCHING & 
BROACHING FASTENERS 


• strong, quality 
threads in metal 
and P C. boards 
too thin to be 
tapped. 

• variations 
include free- 
running, self- 
locking, floating 
and blind hole 
types meeting Unified, ISO and MIL 
standards. 

• Available in steel, stainless steel and 
aluminum. 



For your FREE condensed catalog , circle 
the number below. However, for a complete 
fastener specifications & desiqn data cata- 
i oq call 1-8 66-237-4736 . Or FAX us at 
215-766-0143. 



Airborne DAS Records 
Data on Videocassette 



Decoder system com- 

bines 2000 to 590,000 bits/sec data with 

composite video on standard VCR format. 


Merlin 

1888 Embarcadero Road 
Palo Alto, California 94303 
(415) 856-0900 • FAX 415/858-2302 


Circle Reader Action No. 444 


Circle Reader Action No. 340 


Circle Reader Action No. 339 


SMALL PROFILE, 
BIG FEATURES!! 


V 


The Super Slim (0.65“) 

0.9 degree step motor is 
light weight and designed 
for high performance 
motion applications. 

Serviceable dual-ball 
bearings and a stainless 
steel case insure 
exceptional long life. 

Holding torque is 9 oz-in. The torque cun/e, 
which is remarkably flat, can be increased 1 .4 
times if an adequate cooling surface is provided 
to the mounting face. Although the motor is 
NEMA 16. the mounting holes match standard 
NEMA 17 frames. Available in single or double 
shaft. Four lead wires are standard. 


MOTION PRODUCTS 

PO Box 4585. Mountain View, CA 94040 
800-424-STEP 


ARE YOU STILL TRYING 
TO MEASURE VERY THIN 
GAPS THE HARD WAY? 



Capacitec HPS Series of thin (back to 
back) sensors can measure gaps as 
small as 0.010"(. 254mm) inboard 84" 
(2133.6mm) with accuracies of 0.0003" 
(7.6^m), without scratching delicate 
surfaces. 

= Capacitec 

P.0. Box 819, 87 Fitchburg Rd„ Ayer, MA 61432 U.S.A. 

Tel. (508) 772-6033 • Fax (508) 772-6036 


* 


HI 



FREE! 

130 

Page 

Catalog 


“Optics 

for 

Industry” 


Free 130 page product catalog from Rolyn, 
world s largest supplier of “Off-the-Shelf” optics. 
24-hour delivery of simple or compound lenses, 
filters, prisms, mirrors, beamsplitters, reticles, 
objectives, eyepieces plus thousands of other 
stock items. Rolyn also supplies custom prod- 
ucts and coatings in prototype or production 
quantities. ROLYN OPTICS Co., 706 Anrowgrand 
Circle, Covina, CA 91722-2199, (818)915- 5707, 
FAX (818)915-1379 


Circle Reader Action No. 409 


Circle Reader Action No. 385 


Circle Reader Action No. 551 



Imagine a lightweight 
metal foil with a mesh-like, 
single-unit structure that 
eliminates the unraveling 
and contact resistance of 
woven mesh. 


Imagine it with 
superior EMI/RFI/ESD 
shielding, electrical 
and heat transfer 
properties. 


Imagine it wrapping, 
laminating, contracting, 
expanding. 

Now imagine how you’d 
use it. 


Call 203/481-4277 

for a free sample of 
MicroGrid ® 

DELKER 

CORPORATION 

Branford. CT 06405 


Circle ReaderAction No. 591 


— RELIABILITY — 
AND MAINTAINABILITY 
PREDICTION AND FMECA 
ANALYSIS SOFTWARE 


Hundreds have used this leading 
computer-aided engineering software 
since 1982. 

Powertromc Systems offers software to predict Reliability 
and Maintainability and for Failure Modes Effects and 
Criticality Analysis. Hundreds of users have selected from 
PSI's large, versatile and integrated software family for 
military and industrial equipment and for both electrical 
and mechanical systems And, these programs are eitner 
interactive or can be input from batch modes from existing 
CAE or database programs 

Programs implement MIL-STD-1629. MIL-HDBK-217 
including E Notice 1 and MIL-HDBK-472 



Powertronic Systems, Inc. 

PO Box 29109 New Orleans 70189 
(504) 254-0383 FAX (504) 254-0393 


Circle Reader Action No. 560 



for the PC 

Filled with applications information, 
competitive comparisons, 
waveform analysis techniques, 
hardware and software specifications, 
and DEMO DISK! 

We manufacture the industry's fastest data acquisition 
hardware and software designed for applications that 
demand a true real time display with simultaneous disk 
streaming. Call us at... 


1-800-553-9006 


DA TAQ INSTRUMENTS , INC 


825 Sweitzer Avenue 
Akron, Ohio 44311 

Tel(2 16)434-4284 Fax(21 6) 434-5551 


Circle Reader Action No. 489 


96 


NASA Tech Briefs, December 1991 






MARKETPLACE 


To Advertise — Call (212) 490-3999 



This 1/72 scale model of the space shuttle 
Discovery features a huge 13* wingspan and in- 
cludes engraved tile detail, movable rudder and 
flap, authentic NASA decals, adjustable 
manipulator arm, opening cargo bay doors, and 
detailed Spacelab payload. Molded in white. Kits 
are $24.95 each ♦ $4.00 postage and handling. 
(NY residents add sales tax.) Send check or 
money order to: NASA Tech Briefs, 

Dept F, 41 East 42nd St., New York, 

NY 10017. For credit card orders, call 
(800) 258 0201 (NY state: 21 2-490-3999). 


Fuzzy Logic 


CubiCalc 


MS Windows-based tool 
for non-programmers 


Simulate system response using 
built-in expression interpreter or 
apply fuzzy rules to file data 
Plot results or log numerically 

CubiCalc RTC for programmers includes 
run-time compiler and deployable modules | 

Also available... 

The OWL Neural Network Library 
HyperLogic Corporation 

1855 East Valley Parkway, Suite 210 
Escondido, California 92027 
Tel 619/746-2765 Fax 619/746-4089 


Circle Reader Action No. 312 



INTRODUCING RACK MOUNT AND RUGGED 
SUN SPARC WORK STATION 

Standard Features Indude: 

• Spark Engine 2 CPU with 16MB RAM 

• 207 MB Hard Disk, 150MB Tape Drive 

• 644 MB CDR0M, Removable Hard Disk 

• 1 .44 MB Floppy, 2 RS-232 and S Bus Ports 

• SCSI-2 and Ethernet Interface 

• 16-inch Rack Mount Color Monitor 

• Keyboard, Mouse and SunOS 4.1 
For further details contact: 

IBI Systems Inc., 6842 NW 20M Ave., Ft. Lauderdale, 
FL 33309, 305-978-9225. Fax: 305-978-9226 

Circle Reader Action No. 660 



Climb aboard 
the world’s best 
fighter air- 

craft-the F-16 
Falcon, F-15 
Eagle, and 
F-111 -for high 
flying adventure! 
This action- 
packed VHS 
videotape 
features real 
combat footage. 
$19.95 each plus 
$4.50 postage. 
NY residents 
add sales tax. 


Name _ 
Address 

City 

State 


Total enclosed: 

for Jet videos. 


Zip 


Get AutoCAT 

for only $295.00 and save $200.00 
before January I, 1992! 

Don't miss the bus! 

Software for IBM™ or compatible 
computers to Auto mate Computer 
Aided Tests. 

• Performs lab measurements 
and production tests. 

• Interfaces with IEEE-488, 

RS232 devices. 

• Mouse, pull-down menus, 
on-line help. 

• No programming 
knowledge required. 



Send check or money order to: 

NASA Tech Briefs, Dept. F 
41 East 42nd St., 

New York, NY 10017 



44 1 5B Enterprise Court, Melbourne, FL 32934 
Phone: (407) 259-2090 Fax: (407) 255-0274 

Circle Reader Action No. 577 


CERAMIC SCISSORS 

Designed to cut Kevlar* cloth and yarn. 
Zirconia blades mounted in reinforced 
nylon frames. 

• Excellent for general laboratory use 

• Lightweight, sharp and durable 

• Easily Sterilized 

• Non-magnetic and non-conductive 

• Gift boxed 

Orders shipped same day. 

Technology Associates, Inc. 

P O. Box 7163 . Wilmington. DE 19803 
Telephone: 302-478-5595 
* DuPont’s Trademark for its aramid fibers 

Circle Reader Action No. 555 


& 


ACOUSTIC 

MEASUREMENT 

New sensors tor flow 
velocity and acoustics 
page 76 ARC 12577 

AEROELASTICmr 

Frequencydomam Oen 
trfeatcn d aeroetastc 
modes 

page 73 ARO12407 

ALGORITHMS 


Subject 

Index 


ARC WELDING 

Smaller coaxial view 


B 


BALL BEARINGS 

Monitoring bearing vtora 
tons tor signs of 

MFS-29734 


» 78 


smusodai component ol 
noisy signal 

page 86 MFS29688 

ANALYSIS 

(MATHEMATICS) 

Integrated analysis 
capability program 
page 54 GSC13341 

APERTURES 

Multiapertuce 
spectrometer 
page 38 NPO18011 


e 82 MFS-29744 

ARTIFICIAL HEART 
VALVES 

Numerical smjtaton of 
(low through an artificial 

page 66 AR012478 

ARTIFICIAL 

INTELLIGENCE 

Artificial intelligence m 
computational fluid 
dynamics 

page 73 ARC 1244 5 


ATMOSPHERIC 

ATTENUATION 


BALLOONS 

Lightweight valve closes 
duct amcklv 

page 64 MF&28511 

BEARINGS 

Dynamic tesier tor rotor 


Monitoring bearing vtora- 
tions tor signs of 


Monitor mg engine v*xa 
Hons tor spectrum of 


page 79 MFS-29733 

BLOOD PUMPS 

Numerical simulation of 
flow through an artificial 
heart 

page 66 ARC-12478 

BOLOMETERS 

Characterization of elec 
trical response of 


page 48 LEW 14979 


AVIONICS 

Knowledge-based flight 


GSC 13349 

BOUNDARY LAYER 
FLOW 

A general coordmate tor- 
mutation lor boundary 
layer flow 

page 59 ARC 12465 


BOUNDARY LAYERS 

Reducing water/hufl drag 
by injecting aw into 
grooves 

page 59 LAR- 14078 


CALCIUM 

CARBONATES 

Impregnating coal with 
calcium carbonate 
page 46 NPO- 17696 

CALIBRATING 

Program calibrates strain 

pageS2 MSC-21399 

CARBON DIOXIDE 
LASERS 

Automatic refection of 
mult mode laser pulses 
page 24 NPO- 17777 

CHARGE COUPLED 
DEVICES 

Altering mterkne Iranster 
m a OCD to reduce 

page 30 NPO- 17935 

CIRCUITS 

Automatic rejection of 
multimode laser pulses 
page 24 NPO- 17777 

Wideband phasfrtocfced 
angle modulator 
page 36 NPO- '804 7 

COAL 

Impregnating coal with 
calcium carbonate 
page 46 NP0 17696 


COMMUNICATION 

SATELLITES 

Estimating ram attenua 
ton m satellite com- 
munication links 
page 48 LEW 14979 

COMPOSITE 

MATERIALS 


page 44 LARU159 

COMPUTATION 

Ltorary ol subprograms 
m FORTRAN 77 
page 55 NPO18120 

COMPUTATIONAL 
FLUID DYNAMICS 


computational Dud 
dynamos 

page 73 ARC 12445 

Computaions ol nv 
pulstvety staned viscous 
flow 

page 75 ARC -12382 

COMPUTATIONAL 

GRIDS 

Generation of surface 
gnds from data points 
page 86 ARC-12481 

COMPUTER AIDED 
DESIGN 

Numercal-optrmzaton 


COMPUTER 

GRAPHICS 

Integrated analysis 
capability program 
page 54 GSC13341 

Software lor depiction of 
page 55 MSO 2 U 06 

COMPUTERIZED 

SIMULATION 

Ad tor smxiiafmg digital 
fkght control systems 
page 56 ARD 1171071 

Neural network Simulator 
page 48 MSC 21638 

Software tor simulation of 
development of software 
page 56 NP0 18295 

COPOLYMERS 

frmde/arylene ether 
copolymers 


DATA ACQUISITION 

Program cattorates strain 

l»geS2 MSC 21399 

DELTA WINGS 

Computed hypersonic 
viscous flows over delta 
wings 

page 70 ARCM2179 


DESIGN ANALYSIS 

Numencat-optmization 

program 

page 57 LAR 14500 
Software-design analyzer 


page 57 


NP0 18212 


DESULFURIZING 

Impregnating coal with 
calcium carbonate 
page 46 NP0 17696 

DIGITAL SYSTEMS 

Aid tor simulating dqital 
flight control systems 
page 56 ARC-11 7100 

DIRECT CURRENT 

Rugged direct -current 
transducer 

page 28 NPO 1795 7 

DOCUMENTATION 

Softwaredesign analyzer 


page 57 


NP0 18212 


DRAG REDUCTION 

Reducing water /hull drag 
by meeting a* mio 
grooves 

page 59 LAR 14078 

DUCTS 

Lightweight valve closes 
duct quickly 

page 64 MFS26S11 

DYNAMIC STRUC- 
TURAL ANALYSIS 

Dynamic analyses m 
eluding joints of truss 
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GRAPH ALLOY BUSHINGS 
Work Where Others Won’t 


A Graphite/ Metal Alloy: 

1) Self-lubricated ... no oil, no fumes, t P 

odor or sparking. ^Jl 

2) Low/High temperature... minus 400°F. 
to over 750°F. 

3) Low coefficient of friction . . . solid 
GRAPHALLOY throughout. 

4) Submerged... no expansion or wash- 
out in most liquids even to molten metal 

5) High Loads. Will not cold flow. 

6) No Corrosion. Withstands most 
environments. 

7) Low coefficient of thermal expansion. 

8) High Speeds... for pumps, centrifuges. 

What’s YOUR Bearing PROBLEM? We have SOLUTIONS! 

GRAPHITE METALLIZING Corporation 

1050 Nepperhan Ave., P.O. Box 110, YONKERS, NY 10702 


Tel. 914-968-8400 • Telex 13-1571 • FAX 914-968-8468 


Circle Reader Action No. 592 



EARTH OBSERVING 
SYSTEM (EOS) 


FLOW EQUATIONS 

A generaPcoorGnate tar 
mutator tor boundary 
layer Now 

page 59 ARC-12465 

Mamematcal modes ol 


» 42 NPCM7094 

ELECTROLYSIS 

torazatte-substance 

defector 

page 36 MF&28S15 

ELECTROMAGNETIC 

ABSORPTION 

Scnpt factor modeing ol 
absorption m a solar 


FLOW VELOCITY 

New sensors tor flow 


FLOW VISUALIZATION 


page 40 NPCM8018 

ENGINE ANALYZERS 

Monrtormg engine vtora 
tons tor spectrum ol 


MFS29733 


magery on a personal 
computer 

page 69 ARD12267 

FLUID DYNAMICS 


page 79 

ENGINEERING 

MANAGEMENT 

tacng and control ol 
engineering requirements 
page 56 NP0 18215 

EQUATIONS OF STATE 

Catautotng ther 
mophyscal properties Ol 
12 fluOs 

page 52 MSG21664 

EYE MOVEMENTS 

Instrument measures 


ARC- 12445 

FORTRAN 

Ubrary c i subprograms 
to FORTRAN 77 
page 55 NPO18120 


TRANSFORMATION 

Characterization ol elec 


F 16 AIRCRAFT 

Navier -Stakes computa 
tons on zonal grids 
page 71 ARC-12447 

FINITE DIFFERENCE 
THEORY 

Direct fimtecMterence 
simulations ol turbulent 
flow 

page 76 ARC-12463 

FLIGHT CONTROL 

Aid tor smulaltog cfcgitai 
Ihghl control systems 
page 56 AROlUKYI 

FLIGHT MANAGE 
MENT SYSTEMS 

Knowledge-based fhght 


mult mode laser pulses 
page 24 NP0 17777 


GAS TUNGSTEN ARC 
WELDING 


e 82 MFS29744 

GERMINATION 

Capillary -effect root 
environment system 
page 92 K9C-11350 

GOLAY DETECTOR 
CELLS 

Character izatnn ol elec 

incal response ol 

phofodetector 

page 24 GSC13349 



AEROSPACE CONTRACT MANUFACTURERS 


Where Buyers Have it Made! 

February 19, 20 & 21, 1992 

Long Beach Convention Center, Long Beach, California 

SERVING: Air Transport, Space, Military, Ground Support, 
Civil Aviation, Interior/Exterior Furnishings & Supplies, 
Overhaul & Maintenance and Avionics. 

EXHIBITORS 

Aerospace-qualified job shops and contract 
manufacturers with expert capabilities in Avionics , 

Metal Working, Plastics, Composites, Rubber and 
suppliers of Components, Parts, Test Equipment and 
Materials . 

FOR INFORMATION TO EXHIBIT OR ATTEND 
FAX 1-313-643-0856 or CALL 1-800-635-9885. 

•Complimentary tickets available for qualified attendees. 

CME/AEROCON 92 CDexhibit I — I attend 



NAME- 


COMPANY- 

ADDRESS- 


CITY, STATE, ZIP. 


PHONE & FAX . 


Circle Reader Action No. 636 


GRATINGS (SPECTRA) 

Mubapertue 

page 38 NPO18O11 

feoperod gratmgs tor 
surtace-emrting lasers 
page 26 NPO 18Q54 

GROUND BASED 
CONTROL 

knowf o dg c -based ftgff 

status monitor 

page 31 ARCM2712 


H 

HALL EFFECT 

Rugged Greet -current 
transducer 

page 28 NP0 17957 

HAND (ANATOMY) 

Dvect-tr* prehensor 
page 7$ ARC 11666 

HEART 

Nunencal smutalion ol 
flow through an artificial 
heart 

page 66 ARC 12478 

HYDROPONICS 

Capillary -eftecl root 
environment system 
page 92 KSC11350 

HYPERSONIC FLOW 

Computed hypersonic 
viscous flows over delta 
wings 

page 70 ARC12179 

Mathematical models ot 
turbulence m hypersonic 
flow 

page 67 ARC12609 

I 

IMAGE PROCESSING 

Processng pancle slreak 
imagery on a personal 
computer 

page 69 ARC-12267 

Program Processes SAfl 
data 

page 52 NP0 18048 

IMAGING 

TECHNIQUES 

Altering nterhne transfer 
to a CCD to reduce 
saturation 

page 30 NPO-17935 

INCOMPRESSIBLE 

FLOW 

Methods ol simulation ol 
ncompresstoie now 
page 74 ARC 12199 

INDUSTRIAL 

MANAGEMENT 

Tracing and control ot 
engineering requirements 

page 56 NP018215 

INERT ATMOSPHERE 

taring shield tor welding 
on poes 

page 82 MFS29743 

INFRARED 

detectors 

StorS*3 Schofflry-barrer 
infrared defectors 
page 22 NPOl8027n7946 


J 

JOINTS (JUNCTIONS) 

Dynamic analyses r> 
cludtog joints ol truss 
structures 

page 62 LAR 14306 

L 

LARGE SPACE 
STRUCTURES 

Dynamic analyses to- 
cluGng fonts of truss 
structures 

page 62 LAR 14306 

LASER MODES 

Automatic rejection ol 
multmode laser pulses 
page 24 NP017777 

LASERS 

1*0 peood gratngs tor 
surtace-emmng lasers 
page 26 NPO 18054 

LIQUIDS 

Calculating ther 
maphysacal properties ol 
12 Muds 

page 52 M9C21664 

LOCKS (FASTENERS) 

Lock tor vaMe stem 
page 63 MES 29764 

M 

MANAGEMENT 

Vac rig and control ot 
engineering requirements 
page 56 NPO 1821 5 

MANIPULATORS 

Direct-link prehensor 
page 78 ARC H666 


MATHEMATICAL 

MODELS 

Generadon of surface 
gnds from data poms 
page 86 ARC 12481 
Softw are tor depeten of 

pagT5' enSC k«c5^ 

MEASURING 

INSTRUMENTS 

•cwzadte-substaice 

defector 

page 38 MFS-28515 

MICROWAVE IMAGERY 

Spacetoome microwave 
magers 

page 42 NP0 17094 

MODULATORS 

Wideband phase locked 
angle modulator 
page 36 NPO18047 

N 

NAVIER-STOKES 

EQUATION 

A general-coordnate tor 

mu^tion lor boundary 
layer ttow 

page 59 ARC 12465 

Computatorts ol m 
Putsivety started viscous 
ttow 

page 75 ARC-12382 

Computed hypersonc 
viscous flows over delta 
wvigs 

page 70 ARC-12179 

Drect fnrte<kt1ereoce 
simulations ol turbulent 
ttow 

page 76 ARC 12463 

Methods ol smutaton ot 
tocompre ss fele ttow 
page 74 ARC-12199 

Nav«r -Stakes computa 
tons on zonal grids 
page 71 ARC-12447 

Numerical smulalcn ol 
ttow through an artificial 

page 66 ARG12478 

NEURAL NETS 

Neural-network simulator 
page 48 MSC 21638 

NUMERICAL ANALYSIS 

Generation of surface 
grids from data points 
page 86 ARC12481 

o 

OCUL0METERS 

Instrument measures 
ocular counterrolling 
page 91 M9G21711 

OPTIMIZATION 

Numerical -optimization 
program 

page 57 LAR 14500 

P 

PARALLEL 

PROCESSING 

(COMPUTERS) 

Fast parallel computatcn 
at marMpufator inverse 
dynamics 

page 89 NP018060 

PHASE MODULATION 

Wtoeband phase-locked 
angle modulator 
page 36 NPO- 1804 7 

PHOTOMETERS 

Charadenzabon ol etec 
tncal response ol 

page 24 GSC13349 

PIPES (TUBES) 

Waiting shield tor welding 

page 82 MFS 29743 

PLANT ROOTS 

Capritary -effect root 
envwonment system 
page 92 KSC-11350 

PLASMA ARC 
WELDING 

taring shield tor wetong 
pag?82 MFS29743 

POLARIMETRY 

Program Processes SAR 
data 

page 52 NPO 1 80*8 

POLYIMIDES 

tmtoalaryfene ether 
copolymers 

page 44 LAR 14159 

PROGRAMMING 

LANGUAGES 

Ltorary of subprograms 
to FORTRAN 77 
page 55 NPQ18120 

R 

RADIATION 

DETECTORS 

Characterization ol elec 

tncal response ot 

photodetector 

page 24 GSC13349 
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B&TENTS 


O ver the past three decades. NASA has 
granted more than 1 000 patent licenses 
in virtually every area of technology. Sales of 
licensed inventions exceed $1 0 million, and 
royalties paid to NASA approach $1 million. 
The Space Agency has a portfolio of 3000 
domestic and foreign patents and pending 
applications available now for license by busi- 
nesses and individuals, including these re- 
cently patented inventions: 

Real-Time Data Compression 
of Broadcast Video Signals 
(US Patent No. 5,057,917) 

Inventors: Mary Jo W. Shalkauser, Wayne 
A. Whyte, and Scott P. Barnes 
A new cost-efficient system digitally codes 
and decodes broadcast video signals in real 
time using differential pulse-code modulation. 
It employs nonuniform quantization and mul- 
tilevel Huffman coding to substantially reduce 
the bit/pixel ratio, and a nonadaptive predictor 
to improve the edge encoding performance. 
Circle Reader Action Number 741. 

Process for Application of Powder 
Particles to Filamentary Materials 

(US Patent No. 5,057,338) 

Inventors: Robert M. Baucom, John J. 

Snoha, and Joseph M. Marchello 
A novel process uniformly and continuously 
applies polymer powder particles to a filamen- 
tary material to produce a uniform composite 
prepreg. A tow is fed under controlled tension 
into a spreading unit and spread pneumati- 
cally into a band. It then is coated with polymer 
particles from a fluidized bed and fused prior 
to take-up on a package. The process does 
not impose severe stress on the filamentary 
material, nor require long, high-temperature 
residence times for the polymer. 

Circle Reader Action Number 743. 

Mechanized Fluid Connector and 
Assembly Tool System with Ball Detents 
(US Patent No. 5,058,929) 

Inventors: Ronald C. Zentner and 
Steven A. Smith 

A versatile fluid connector and powered as- 
sembly tool is easily operable using one hand. 
It features a self-aligning structure for quick 
and accurate attachment and removal of the 
tool from a modified plumbing union used to 
join pipe segments, and an electric drive 
motor that enables control of speed, torque, 
and direction of rotation. 

Circle Reader Action Number 745. 

Regenerative Cu/La Zeolite- Supported 
Desulfurizing Sorbents 
(US Patent No. 5,057,473) 

Inventors: Gerald E. Voecks and 
Pramod K. Sharma 

The inventors have produced metal ion- 
exchanged zeolites that remove more than 50 
percent of the organosulfur compounds from 
diesel fuel and other fluid hydrocarbons at 
moderate temperatures, resulting in cleaner 


emissions. The zeolites can be repeatedly 
regenerated without loss of activity, providing 
an efficient desulfurization system for use in 
petroleum refining, natural gas processing, 
utilities, and chemical processing plants. 
Circle Reader Action Number 747. 

Brominated Graphitized Carbon Fibers 
(US Patent No. 5,059,409) 

Inventor: Ching-Cheh Hung 
Bromination of graphitized carbon fibers re- 
sults in a three-fold increase in their electrical 
conductivity. Mr. Hung’s process employs 
low-cost, high break elongation carbon fibers 
that have a low degree of graphitization. The 
fibers, which are inert to bromine at room or 
higher temperature, are brominated at -7° to 
20°C and then debrominated at ambient tem- 
perature. Repetition of this process can bring 
the bromine content to 1 8 percent. 

Circle Reader Action Number 749. 

Rapidly Quantifying the Relative 
Distention of a Human Bladder 

(US Patent No. 5,058,591) 

Inventors: John A. Companion. Joseph S. 

Heyman Beth A. Mineo. 

Albert R. Cavalier, and 

Travis N. Blalock 

A small, inexpensive bladder monitor ad- 
dresses incontinence problems in mentally 
retarded persons and can assist those who 
have lost bladder control as the result of 
diabetes, cerebral palsy, advanced age, or 
other reasons. An ultrasonic transducer worn 
near the bladder is excited by a microproces- 
sor-controlled pulser to launch an acoustic 
wave. The wave interacts with the bladder 
walls and is reflected back to the transducer 
for processing. The resulting signal is digi- 
tized and stored in data memory. Software 
determines the relative distention of the blad- 
der based on the subject’s past history and 
can transmit a signal to sound an alarm. 
Circle Reader Action Number 751. 

Passivation of High-Temperature 
Superconductors 

(US Patent No. 5,059,581) 

Inventor Richard P. Vasquez 
Mr. Vasquez has developed a technique for 
passivating high-temperature superconduc- 
tors without degrading their superconducting 
properties. The surface of a superconductor 
such as YBa 2 Cu 3 0 7 x is passivated by react- 
ing native Y, Ba, and Cu metal ions with an 
anion such as sulfate or oxalate to form a 
surface film that has a solubility in water of no 
more than 1 0 3 M. The passivating surface layer 
can be formed by wet chemical techniques, by 
gas-phase reaction, or by deposition. 

Circle Reader Action Number 753. 


For more information about the inventions 
described above, including licensing proce- 
dures, circle the corresponding number on 
the Header Action Request Form (page 83). 
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Access full-text standards at your PC. 
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organizations. And, if you need the full text, you can access actual scanned images of the 
documents themselves - without leaving your computer. Currently the Worldwide Standards 
Service contains the full text of the following standards: 

• AIA/NAS — • IEC — ♦ NEMA 

• ASTM • IEEE • SAE 

• AWS • ISO • UL 

. . . and more are available every month! 

Put the world of standards at your desk. 
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THE MATHWORKS INTRODUCES 


SIMULAB 

Block Diagram Software 
for Nonlinear Simulation 
of Dynamic Systems 


I ntroducing SIMULAB, the next genera- 
tion software for modelling, analyzing, 
and simulating nonlinear systems. SIMU- 
LAB delivers a combination of flexibility, 
ease of use, and speed in a single package. 

• A complete set of tools for constructing 
and analyzing models of dynamic systems, 
including linear, nonlinear, discrete, contin- 
uous, and hybrid systems. 

• The ability to describe models either in 
Block Diagram form or as sets of differen- 
tial equations. 

• A design, analysis, and simulation environ- 
ment that is seamlessly integrated with 
MATLAB™ and the MATLAB Toolboxes. 

• An intuitive graphical user interface based 
on the industry-standard X Window/Motif 
and Macintosh windowing systems. 


SIMULAB provides you with the tools for 
constructing and analyzing block diagram 
models interactively using a mouse and pull- 
down menus. You can explore the behavior 
of systems during a simulation and interac- 
tively see how the model’s behavior changes 
as you change its parameters. 

SIMULAB includes a comprehensive set 
of built-in blocks for creating models. In ad- 
dition, SIMULAB lets you extend its func- 
tionality by creating your own tools. Cus- 
tomize built-in SIMULAB blocks or create 
your own as C, Fortran, or MATLAB code. 
SIMULAB delivers the flexibility to meet 
your needs. 

SIMULAB is available for a wide range of 
computers, including UNIX workstations and 
the Apple Macintosh. For more information 
on how SIMULAB can address your applica- 
tions, contact The MathWorks today for a 
free information packet. 
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(Top) Use the Scope block to see the “ real-time ” 
response of this F-14 model during the simula- 
tion; (Center) Specify simulation parameters via 
dialog boxes or the MATLAB command line; 
(Bottom) SIMULAB takes full advantage of the 
X/Motif and Macintosh windowing systems. 
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